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THE MIGRAINOUS PERSONALITY AND CONSTITUTION 
The Essential Features of the Disease: A Study op 500 Cases. 

By Walter C. Alvarez, M.D. 

nOCHESTER, MINNESOTA. 

(From the Division of Medicine, Mayo Clinic) 


In spite of all the research that has 
been done to explain the mechanism back 
of sick headaches,® migraine is still one 
of tlie most poorly recognized, poorly 
understood, and poorly treated of all the 
common tormentors of mankind. Todaj'^, 
although we physicians know that the 
cause of the disease is a hereditary pre- 
disposition, that the “storm” arises in 
the brain, and that the digestive tract is 
upset only secondarily, we go on acting 
as if we still believed that we could find, 
somewhere in the patient’s body, a local- 
ized cause for all the headaches. Perhaps 
in desperation or because the patient and 
her home physician expect it, whenever 
a woman witli a perfectly typical story 
of migraine comes in, most of us internists 
promptly put her through the whole diag- 
nostic mill again, even when she brings 
with her a sheaf of negative reports just 
given her by some able consultant. 

Surely, tliis is not logical, and, surely, 
we ought to be able to do something more 
useful for the woman than this. If, as 
I shall show in this paper, tlie frequency 
with which attacks of migraine come, and 
their severity, depend largely on the 
woman’s psychic makeup and on the 
amount of strain under which she lives, 
tlien we physicians should be spending 
most of the time we can gi^'e her in study- 
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ing her life problems and advising her 
about them. Furthermore, we should 
keep remembering that e^"en if the tests 
and examinations we order were to reveal 
something locally wrong and tills were to 
be corrected, the cliances are great that 
the migraine would not be much improved. 
I learned this 35 years ago when, in my 
youthful enthusiasm, I promised a mi- 
grainous woman that if she would part 
with a gall-bladder full of stones she 
would be well. She had the operation, 
and the minute she got back home to 
face a familj'- row, she had one of the 
worst sick headaches of her career. Since 
then I have seen hundreds of such women 
who had parted ivith appendix, gall- 
bladder, uterus, tonsils or teeth without 
getting help. Evidentlj’- the way to a cure 
rarely lies along that road. 

Every physician who would treat mi- 
graine with some degree of success must 
realize and keep remembering that the 
trouble is an inherited nervous makeup 
“ which is as definite a part of the economy 
of a person as the color of his eyes.”- 
This predisposition is likely to remain for 
tlie duration of life no matter how manj’^ 
operations are performed or how many 
drugs are gi\’en. No one today with a 
good understanding of migraine ivould 
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ever hope lo work a “cure” with any 
drug or regimen. 

The Headache is Only One of the 
Migilmnous Person’s Troubles. Years 
ago, a woman helped me to get the proper 
understanding of the problems of the per- 
son with severe disabling migraine when 
she said, “Why do you keep talking about 
my headaches? I am not so concerned 
about tliem. I know how to avoid many 
of them, and I can stand tlie rest. What 
I want you to see is tliat even if I were 
to lose tlie headaches, I’d still be far from 
well. Wliat I desire to be rid of is this 
tenseness and nervousness, and particu- 
larlj' tliis easy fatigability and sickliness 
which have limited my activities ever 
since I was a girl. I want to be able to 
keep an engagement after I make it; I 
want to be able to keep up with my strenu- 
ous husband ; I want to be able to go on a 
trip witli him witliout having to cave in 
and rest up every few days, and I want 
to be able to stand a bit of excitement or 
worry or loss of sleep. I want to be rid 
of these awful days when I am depressed, 
detaclied from the world and half alive; 
to sum up, I want to be made over into a 
normal, strong human being.” 

Since that day I have come to see more 
and more clearly that tlie essential attri- 
bute of the typically migrainous person 
is his or her peculiar physical and mental 
and spiritual makeup. After studying 
hundreds of women with this disease, I 
am impressed with the fact that in most 
cases thej' are unusual persons, above 
the average in intelligence, with a dis- 
tinctive personality, and often a distinc- 
tive appearance; sometimes so distinctive 
that one can suspect the nature of the 
trouble the minute the individual walks 
into the office. I keep saying “woman” 
because most of these patients are women. 

If, as Allen* claimed, the sons of migrain- 
ous parents inherit the tendency equally 
with the daughters, they must have an 
easier time with it because it seldom causes 
them to consult a physician. 

The Nature of the Migrainous 
'Woman. My impression is that the 


migrainous woman tends to be somewhat 
short of stature, with a trim, well-propor- 
tioned body, better than average looks, 
and skill in dressing well. Her eyes are 
bright and e.xpressii^e, her face is intelli- 
gent, and her responses and movements 
are quick. 

The physician should learn to recognize 
these women because in the office so few 
of them think to mention the fact that 
they have or have had sick headaches, 
and some even conceal the fact; a few are 
so resentful of their handicap and the 
fact that it causes them to break engage- 
ments at the last minute that thej”^ will 
even deny its existence. Most of them, 
when giving their history, tend to ramble 
on about what tliis doctor said and that 
one prescribed until all the internist can 
conclude is that the trouble is probablj’ 
some sort of a neurosis. It is well, there- 
fore, if he can promptly recognize the 
migrainous facies and personality because 
then he can ask about sick headaches, 
and once the woman has admitted that she 
has them, he can quickly draw out the rest 
of the story. Then, because tlie migrain- 
ous tend so strongly to suffer in certain 
ways, tlie whole problem of diagnosis and 
treatment will be greatly clarified. In 
some cases in which there are no head- 
aches at all he can draw out a story of 
so typical a temperament, so tjqiical a 
family history, and perhaps so typical a 
cj'clic I'omiting in girlhood that he can 
be fairly certain about the migrainous 
nature of a hitherto puzzling abdominal 
distress — enough so as to save the woman 
from a futile exploratory laparotomy. In 
many a case he will quickly see that the 
Avoman’s migrainous makeup can easily 
explain her life-long frailness and poor 
health, her tendencies to fatigue, faintness, 
dizziness, nausea, or gastric stasis, and her 
occasional days of depression. 

Years ago, I was often unable to decide 
whether or not a certain headache was 
migrainous because I studied it as an 
isolated phenomenon. Perhaps I vas 
puzzled because the pain was on both 
sides of the head or in the hack of the 
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neck, or it was not preceded by a scotoma 
or followed by vomiting. Today, I often 
diagnose migraine with a fair degree of 
certainty just because the patient is a 
typically migrainous person who gets her 
queer spells in a typically migrainous way 
after becoming tired or tense or upset. 

The following clinical picture is based 
on my observations made during a study 
of more than 500 patients with migraine, 
most of them women. To avoid bias, 
I waited until I was done to reread the 
outstanding papers of H. G. WolfF,^'’’“ 
and to go over other good studies of the 
migrainous personality by Moersch,® Tou- 
raine and Draper,® Knopf, ^ Slight^ and 
Trowbridge, Cushman, Gray and Moore.® 
I was then much impressed with the close- 
ness of agreement of my observations 
with most of those made by the other 
investigators in this field. Strangely, 
women with migraine are often more like 
other women Avith migraine than they 
are like their own sisters. 

The Outstanding Characteristics. 
The outstanding characteristics of the 
migrainous woman are her hypersensi- 
tiveness, her quickness of thought and 
movement, and her tendency to get tense, 
to worry, to tire easily, to wilt suddenly 
and to sleep poorly. Usually, she is a 
perfectionist who works fast and accu- 
rately and likes to push other persons 
along to work fast with her. Anything 
out of the ordinary is likely to upset her. 
As one woman said, “When a child, I 
never got to a picnic because I always got 
sick from anticipation.” Another said, 
“I never packed my bags to go on a trip; 
mother had to do it because I was too 
busy vomiting from excitement.” Natur- 
ally, then, the migrainous woman is a 
poor traveler and sightseer; she must not 
shop too long, and she must avoid bustle, 
noises, bright lights and smells. In a 
restaurant she wants quiet, dim lights, 
and a table far removed from tlie orchestra 
and the kitchen door. She dislikes crowds, 
and hence she usually avoids functions. 
She is usually so sensitive to light that 
I suspect migraine the minute a woman 


starts shading her eyes and blinking at 
my office window. 

Easy Fatigability. Perhaps the greatest 
curse of the migrainous woman is her 
easy fatigability, which is probably in- 
born and due to her peculiar nervous 
system. This is shown by the fact that 
often it comes in girlhood before the 
headaches, and persists in later life after 
they have left. Characteristic of migrain- 
ous fatigue is the suddenness with which 
it overwhelms the victim; one minute she 
may be enjoying some shopping and the 
next she may be so exliausted that it is 
an effort for her to get to the street and 
into her car. 

Much of the fatigue of these women is, 
of course, brought on by the distress 
which results from their abnormal sensi- 
tiveness and the intensity with which they 
react to happenings in the world about 
them. This acute and sympathetic re- 
sponsiveness gives them much of their 
charm but it costs them dear. For in- 
stance, a usually calm and sensible mi- 
grainous woman, on answering the tele- 
phone, was told that a certain city was 
calling. Instantly fear struck at her heart 
because her daughter and grandchildren 
lived there. Surely, the child must be 
very ill. By the time the circuit was 
completed and she learned that it was a 
business call for her husband, she was so 
tense that she slipped on into a headache. 

Naturally, when throughout the day 
many such stimuli keep beating in so 
intensely on her brain tlie woman must 
get tired. She gets tired from putting too 
much emotion and concern into little 
things. Her desire for perfection causes 
her to overwork. Her house must be 
spotlessly clean and run just so, and 
commonly she goes over again what has 
just been done by her maid. More fatigue 
is caused by her tendency to hurr^’", and 
to try to do several things at once, or by 
concern and tension over the work which 
she sees waiting to be done. Thus a 
woman bankteller with migraine always 
began to go to pieces nervously when the 
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understanding care and consideration, the 
migrainous woman who is more than usu- 
ally frail and sickly must find an angel 
and a good provider for a husband, and 
it is remarkable how often she succeeds 
in doing just this. Naturally, when she 
marries too early, before she knows what 
a kind, devoted, self-sacrificing and un- 
demanding type of companion and male 
nurse she will need, she sometimes makes 
a bad choice; she picks a glamorous scala- 
wag, and then she must either get a 
divorce or spend the rest of her days un- 
happily. In such case the woman’s men- 
tal distress and her inability to decide 
what to do about the marriage commonly 
account for the frequency with which the 
headaches keep coming. 

But even when she gets her “angel” 
she is sometimes unhappy because, in 
order to secure the essential attributes of 
kindness, indulgence and financial stabil- 
ity, she may have had to give up other 
attributes which she had long dreamed of 
in her Prince Charming, attributes such 
as physical and sexual attractiveness, 
colorfulness, masterfulness and lover-like 
ways. Not infrequently, the man she 
gets is inarticulate and without skill in 
the ways of making a woman happy. In 
some cases he depends on her too much 
for decisions and encouragement ; in others 
she finds he is beneath her in intelligence 
or ability, and that bothers her. At any 
rate, he never succeeds in winning her, 
and in secret she keeps grieving and wish- 
ing that she could be unkind enough to 
leave him. 

The husband is usually satisfied with 
his bargain because his wife, when well, 
is such an interesting and delightful com- 
panion tliat he is willing to put up with 
. the inconvenience and expense of her 
many illnesses. As he says, he would 
rather have what little he gets from an 
unusually attractive woman than much 
more from an ordinary woman of no dis- 
tinction. 

.. Migrainous Temperament in Men. 
Study of a number of migrainous men has 
shown me that tliey, too, tend to have the 


temperamental characteristics noted in 
the women. Most remarkable as an ap- 
parent exception that “prov'^ed the rule” 
was the case of a stocky uninteresting- 
looking farmer who complained of many 
symptoms. I could hardly believe my 
ears Avhen he told me he suffered from sick 
headaches, with a scintillating scotoma 
and nausea and vomiting. He did not 
look the type, but soon I found that, 
except for the lack of high intelligence and 
social charm, he was typically migrainous. 
He had always been nervous, overly irrit- 
able, and prone to fatigue quickly. After 
half a day’s work he had to go to bed. 
He slept poorly; he was often tense and 
jittery, and then sometimes he suffered 
from curious abdominal pains. He was 
typically hypersensitive to light and 
sounds, and his subcutaneous tissues 
everyAvhere were abnormally sensitive. 
He could not read much because his eyes 
tired so quickly, and he was too nervous 
to talk long to anyone or to go into a 
crowd. He had the typical desire to get 
his work done quickly and well, and he 
had the “half-alive days.” 

The Handicap op an Additional In- 
heritance OF Allergy, Hypertension, 
Dysmenorrhea or Psychopathic Dis- 
orders. Much of the literature on mi- 
graine is confusing because the "writers 
did not see that the severity of the dis- 
ease and the clinical picture it presents in 
an individual is often modified by the 
addition of a second harmful inheritance. 
Thus some allergists, on finding sick head- 
aches afflicting many of their patients, 
jumped to the conclusion that migraine 
is simply a manifestation of allergy, while 
others, on finding sick headaches, more 
than usually frequent among persons with 
hypertension, might well have assumed 
that migraine is a manifestation of high 
blood pressure. Actually, I always think 
of the migrainous storm in the brain as 
being like a mousetrap set off by a trigger. 
Allergy is just one of the things that 
can spring the trap, and hypertension is 
one of the things that can set the trigger 
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of treatment. Knowing what her beset- 
ting sins and sources of distress usuallj'' 
are, the physician is likely within ^ hour 
to get to the heart of her problem. As I 
have pointed out, often there is a secret 
story of unhappiness or strain, and only 
by getting the patient to confide it to him 
can the physician hope to help her. Often 
he can help by assisting her to decide 
finally what she is going to do about a 
difficult situation in home or office. He 
will help also by teaching her to rest her 
brain, to avoid tenseness, and to get mental 
peace and enough sleep. Often if she can 
only get a good long rest in the country 
or in the home of a loved relative, the 
trigger will get ' set so firmly that for 
months nothing can trip it. 

Theoretically, bromides, phenobarbital, 
or dilantin (diphenylhydantoin sodium) 
should help; but curiously, in bad cases 
in which there has been great need for 
something to quiet the brain and thus 
lengthen the interval between attacks, I 
have found these drugs ineffective. Many 
of the patients I see have been treated 
with endocrine products without avail. 

Oftentimes almost a cure is worked 
when a woman’s fear of her attacks is 
cleared away, when she knows what her 
disease is, and that she has not a brain 
tumor or any organic disease in the abdo- 
men, and that to a large extent she can 
determine the number of spells she is to 
have. Later, as she sees that most of her 
headaches follow periods of overwork or 
strain or fretting or worrying, she may so 
mend her ways as to be almost well. 

In this article I shall not go into a dis- 
cussion of the treatment of the headaches 
as I have done that elsewhere.® 

Summary. Since migraine is an entity, 
a hereditary disease of the brain, it is 
not logical to keep searching through the 
patient’s body for the basic cause of the 
trouble. Even when organic disease is 
found in the digestive tract and removed, 
the headaches may go on unchanged or 
they return after a while. 

The nausea and vomiting of migraine 
are due to reverse peristalsis instituted by 


a storm that comes down from the brain, 
perhaps along the vague nerves, as in sea- 
sickness. Since the tendency to migraine 
is built into the patient’s nervous system, 
no one can hope to eradicate it with any 
treatment. 

The headache is only one of the migrain- 
ous person’s many troubles. Often more 
distressing are a general sickliness, ner- 
vousness and easy fatigability. The 
migrainous person often has a peculiar 
and recognizable mental and spiritual 
makeup. Usually a woman, the patient 
often has a trim, well-proportioned body; 
her eyes are bright and expressive, and 
her face is more than usually intelligent. 

The physician should learn to recognize 
these women because in the office so few 
mention their sick headaches. Given the 
information that the headaches occur, the 
diagnosis often becomes easy because the 
migrainous person tends so strongly to 
suffer in certain known ways. 

In the absence of headaches, but with a 
typical migrainous temperament, a typical 
family history, and, perhaps, typical cyclic 
vomiting in childhood, the physician can 
say that an abdominal distress, or vomit- 
ing, or a dizzy spell is probably a migrain- 
ous equivalent. Or he can diagnose mi- 
graine simply because the patient is typi- 
cally migrainous and gets her spells in a 
typically migrainous way after becoming 
tired or tense or upset. 

Migrainous women are generally hyper- 
sensitive to light, sounds and smells; they 
are quick of thought and movement; they 
tend to get tense, to worry, to tire easily, 
to wilt suddenly and to sleep poorly. 
They are perfectionists. Anything out of 
the ordinary upsets them. They often 
carry too much responsibility with too 
great conscientiousness. They put too 
much emotion into little things. They 
get tense just from thinking of work that 
is to be done, and this often brings a 
headache. 

Many migrainous women have day.s 
when they are a bit depressed and detach- 
ed from the world, and hazy in their 
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tliinking. Many are somewhat dissatis- 
fied with their marriage. 

In many persons migraine is a mild 
disease, or it may even be carried latent; 
in others, the tendency is converted into 
a disabling disease by an additional inheri- 
tance of allergy, hypertension, dysmenor- 
rhea, psychopathy, or constitutional in- 
adequacy. 


Any woman having more than 3 mi- 
grainous headaches a week is usually 
either psychopathic or is misusing her 
brain in some way, or her burdens are too 
heavy for her. 

In many cases that might otherwise be 
very puzzling, a knowledge of the migrain- 
ous temperament helps greatly in diag- 
nosis and treatment. 
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FATAL INFECTION WITH POLIOMYELITIS VIRUS IN A LABORATORY 

TECHNICIAN 

Isolation of Virus From Lymph Nodes* 

By Herbert A.'Wenner, M.D. 

AND 

John R. Paul, M.D. 

NEW HAVEN, CONNECTICUT 

(From the Section of Preventive Medicine. Yale University School of Medicine) 


It is our purpose in this report to de- 
scribe a fatal case of poliomyelitis which 
occurred in a technician, 26 years of age, 
who had been exposed in his work to 
strains of poliomyelitis virus. The cir- 
cumstances are such as to make it prob- 
able that his infection was contracted in 
the laboratory. To our knowledge this 
is the second instance in which accidental 
infection of this type has been reported, 
the first instance being recorded by Sabin 
and Ward in 1941.^^ Their case, which was 
non-fatal, occurred in a woman of 35 who 
ha d been preparing virus suspension from 
the tissue of cynomolgus monkeys infected 
with strains recently isolated from human 
sources. Sabin and Ward have empha- 
sized the dangers to humans of exposure 
in the laboratory to tissues or excreta of 
human beings with poliomyelitis. They 
also emphasized the dangers of working 
with the highly susceptible cynomolgus 
monkeys when infected with such strains. 
For this reason, we also have been con- 
cerned in this report with the circum- 
stances in our own case under which sick- 
ness occurred. We have considered the 
central nervous system lesions carefully 
and have carried out virus isolation stud- 
ies, both of these being directed in the 
hope of detecting the portal of entry in 
this case. 

Case Report. W. G. D., a mechanical 
engineer, 26 yeai's of age, was admitted to 
the New Haven Hospital on Aug. 24, 1945. 

Past History. He had been quite healthy 
all his life. Tonsillectomy had been per- 
formed at the age of 7. In 194.3 he had had 


bacillaiy dysentery. Early in 1945 he was 
admitted to the New Haven Hospital suf- 
fering from slight fever and ujjper abdominal 
pain. No satisfactory diagnosis was reached 
at that time. 

Occupational History. He had received 
universit 3 '^ and practical training prior to 
1943, in laboratories designed for research 
in engineering. In October 1944. he applied 
for and was accepted as a technician in the 
Yale Poliomyelitis Stud}'' Unit. He proved 
to be a cai'eful worker and was trained during 
1944-1945 to assist in certain technical pro- 
cedures. These involved the preparation of 
virus suspensions and centrifugation prior 
to their inoculation into experimental ani- 
mals. During the first 6 months of his ap- 
prenticeship he worked under close supervi- 
sion. During his entire period of employ- 
ment he worked under guidance. 

The infective materials used by this tech- 
nician were of human and simian origin and 
included feces, pharyngeal washings and 
central nervous system tissue. In preparing 
inocula he ground the material with mortar 
and pestle; resulting suspensions were then 
homogenized in a Wai-ing blendor, and cen- 
trifuged in various types of high speed cen- 
trifuges. During the 2 months preceding 
his illness, work with human material and 
“human” strains was being carried out in 
the laboratory, but not more extensivel}'' 
than in the previous 8 month period. In 
July and August 1945 he assisted a staff 
member in feeding poliomyelitis virus (recent 
human strains) by stomach tube to infant 
rhesus monkeys.'* 

During July and August 1945, W. G. D. 
did not leave the city of New Haven on any 
visits to outside places. Within this period 
and afterwards, relatively few (19) cases of 
poliomyelitis occurred in the area where he 


* Aided by a grant from the National Foundation for Infantile Paralysis, Inc. 
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lived and worked.* It was a non-epidemic 
year for poliomyelitis in New Haven. It is 
possible nonetheless to believe that he ac- 
quired the disease naixiralbj, but we have 
considered a laboratorj' infection to be far 
more likely. 

On Aug. 10, 19I5, W. G. D. was deeply' 
.scratched on the dorsum of the right wrist 
by a new (and uninoculated) monkey he was 
bringing from another building to the polio- 
myelitis animal quarters. This skin abra- 
.■iion was about 3 cm. long when first noted 
bj’ one of us (J. R. P.) almost 12 da3'S later. 
It had not healed completelj’ at that time. 
There is reason to believe that subsequent 
to this minor injury, virus may have con- 
taminated his hands during feeding of the 
infant monkeys or in preparation for inocu- 
lation. 


Hospital. He had had some difficulty in 
swallowing and his temperature was 102° F. 

_ Hospital Course (No. B61644). On admis- 
sion his temperature was 102° F., pulse rate 
90 and lespiratory rate 22. The back of 
his head and his neck ached when he sat up 
and leaned forward. The neck was not 
stiff. The gag reflex was active, other super- 
ficial and deep refle.xes were hyperactive 
and equal bilaterally. The leukocyte count 
was 10,000 per c.mm.; 41% of these were 
IjTOphocj'tes or large mononuclear cells. 
The urine was negative. 

His clinical course (Fig. 1) changed speed- 
ily for the worse. On August 25 his tem- 
perature was 103° F.; he vomited, was rest- 
less and apprehensive. His speech was 
slurred. He had excessive mucous secretions 
in his throat and could swallow only with 



Past Illness. On the evening of Aug. 18, 
1945, W, G. D. was “feverish” and felt as 
if he were getting a cold. On the day fol- 
lowing he had headache and felt hot. He 
did not, however, report this illness, and 
remained at work. The next daj' (August 20) 
he felt better, and continued to feel well 
until August 23, when he was again feverish, 
felt listless, and vomited twice. On the 
morning of August 24 his temperature was 
100° F. (oral); there was vague nuchal dis- 
comfort and he felt a little choked. That 
afternoon he was brought to the New Haven 


difficulty. The spinal fluid cell count re- 
vealed 49 cells per c.mm., of which 80% 
were lymphocjdes. A further change for 
the w'orse was noted on the morning of 
August 26. He complained of diplopia, and 
that he could not control his breathing. 
Subsequent!}' he became moderately cyan- 
otic. He died at 5 p.m. August 26. It was 
the 9th day of his disease. 

A postmortem examination (Autopsy 6927) f 
begun 2 hours after death. Only the more 
significant findings will be considered here. 


* In the area embraced bv and immediately surrounding the city of New Haven approiimately 
250,000 people live. Nineteen cases of poliomyelitis were reported to the Connecticut State Department 
of Health from this area during 1945. They occurred as follows: June, 0 cases; ^ 

10 cases; September, 5 cases; October, 0 cases; an annual rate for 1945 of 7.6 per 100,000. 

t We are indebted to the Department of Pathology, Yale University School of Afedicmo and to 
Dr. Karel V. S. Toll for the opportunity of studying this autopsy. Dr. Stanley H. Duriacfaer, 
same department, assisted in the histologic studies of the central neiwous system. 
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Skin. The scratch mark on the dorsum 
of the right wrist was present. 

Lymph Nodes. Two nodes obtained from 
the left axilla were larger (2 to 3 X) than 
those on the right, which were of normal size. 
Lymph nodes from neither side revealed 
gross evidence of acute infection. Other 
lymph nodes, including the mesenteric lymph 
nodes, were grossly normal in appearance. 
When studied histologically, none of these 
nodes showed definite altei-ations from the 
normal picture and a search foi- atypical 
cells (Giemsa’s, hemato.xjdin and eosin, and 
reticulum stains) was negative in half a node 
(which did not contain virus; see Monkey 
30-76, Table 1) from the right axilla. 

Thoracic Viscera. The lower lobes of the 
lung were firm, non-crepitant, and pink 
frothy fluid oozed from the cut surface. 
Histologic sections revealed focal broncho- 
pneumonia, pulmonary edema and hemor- 
rhage. A focal interstitial myocarditis de- 
monstrable histologically was present also.* 

Brain and Cord. The pia mater was 
cloudy, particularly in sulci over the tem- 
poral and occipital lobes of the brain. The 
base of the brain appeared normal except 
for a cerebellar pressure cone. Histologically, 
lesions of poliom 3 ''elitis were widespread. 
Lesions were also found in the olfactory 
bulbs. Severe damage occurred in the mid- 
brain, pons, medulla and in the spinal cord. 

In a single preliminary section taken 
longitudinally through the olfactorj^ bulbs 
no lesions Avere seen. When serial sections 
(about every 10th section was stained) were 
examined some of the blood-vessels in the 
anterior olfactory nucleus Avere heavity 
cuffed Avith lymphocytes (Fig. 2). These 
perivascular lesions Avere deep seated in the 
olfactory bulbs. Very fcAV, and scattered 
lesions with questionable neuronophagia 
AA'ere present in the peripheral mitral cell 
layer, t OtherAvise there was no eAudence of 
neuronophagia or inflammatoiy glial re- 
sponse. Lesions were present in 1 olfactorj’- 
bulb, the other being entirelj'^ free. 

Diag7iosis: Acxitc bidhar poliomyelitis, 

hronchopnewnonia, acute myocarditis. 

Subsidiary: Old pancreatitis; atrophy of 
left testicle. 


.Histologic changes like those which we 
observed in the anterior olfactor^'^ nucleus 
and mitral cell lajmr haAm been obserA^ed 
preAdously,^” but their occurrence in human 
cases® is distinctl}^ unusual. Although it 
may not be clear in this case AA’hether the 
lesions in the olfactoiy bulb indicate 
ingress or rostral spread of A^irus Ave are 
inclined to belicA^e that the lesions repre- 
sent an extension forAvard from the brain. 
The eAudence for this is based in part on 
the absence of lesions in the periphera of 
the olfactoiy bulb. 

Isolation of Virus Fro:\i This Case 
(W. G. D.) Various types of material Avere 
obtained for Aurus studies from this case. 
These included: 

(а) Antemortem material consisting of 
pharyngeal secretions, and material from 
a cotton sAAmb Avhich had been rubbed on 
the surface of the orophaiynx. Both 
specimens Avere obtained on August 24, 
the 7th day of his disease and 2 da 3 ’'s 
prior to his death. 

(б) Autopsy material consisting of: cen- 
tral nervous .system tissue, l.vmph glands, 
blood, portions of the spleen and Avashed 
Avail of the upper and loAA’^er intestine, and 
the colon contents. 

The procedures for the removal of tis- 
sues for virus studies of this type are 
important and for this reason are men- 
tioned in detail. Essentiallj’^ we have 
folloAved the technique of Sabin and 
Ward.^* 

Technique of Removing Tissue. Sterile 
instruments Avere used for each different 
tissue. FolloAving incision across the chest, 
right and left axillary nodes Avere remoA'ed 
and placed in separate lusteroid tubes, for 
freezing. The abdomen Aims then opened. 
Here a break in technique occurred for 
the stomach A\mll AA^as accidentally’^ punc- 
tured and about 20 cc. of its contents 
escaped into tlie peritoneal caA'^ity. Mes- 
enteric lymph nodes AA’ere remOA^ed, then 


Similar changes Avere found in the ms’oeardium of another case recorded in this paper (D. D.). 
Such lesions liUA'e recei\^ed attention in the literature on the pathologj’- of human poliomyelitis and 
luiA'e been referred to by Saphir and Wile,'® among others. 

t Dr. Howard A. Howe and Dr. DaA'id Bodian of the Poliomyelitis Research Center, School of Hygiene 
and Public Health, .Tohns Hopkins UniA-ersity, Baltimore, Md., A'ery kindly e.xamined the histologic 
material from the brain and cord of this patient. We haA-e made free Aise of their descriptiA'e comments 
in summarizing the findings in the olfactory bulbs. 
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the spleen and lastly the gastro-intestinal were tied, cut, and each placed in sepa- 
tract, which was placed on sterile wap- rate cardboard boxes, and then on dry ice. 
ping paper. A central core of spleen was The calvarium and the vertebral laminje 
removed for \-irus study. Segments of were carefully removed without sterile pre- 
duodenum, ileum and descending colon cautions, with tJie dura mater intact. The 
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.—Histologic lesions seen in several segments of W. G. D.^ central nervoiis^^tem. A 
Anterior oU.aetory nucleus (X 35). B. Midbrain (X tO). C, Cernc.a! cord (X /O). 
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dura was opened with sterile instruments, 
and the brain placed on a piece of sterile 
wrapping paper and segments of cord and 
brain stem were later removed for virus 
study. 

All material was kept frozen on dry ice 
until tested. These tests were begun 
1 month after the material was collected 
and tliey were completed within 3 months. 

Preparation of Material for Inoculation. 
Oropharyngeal swabs were eluted by a 
method described by one of us (H. A. W.) 
in a previous note:^® 1 cc. of the eluate 
was given intracerebrally and 2 cc. intra- 
nasally to Monkey 31-55. To 4 cc. of 
pharyngeal secretion 1 cc. of phosphate 
buffer at pH 4 was added ; 1 cc. of this 
material (pH 5.5) was given intracer- 
ebrally and 4 cc. intranasally to Mon- 
key 31-56. 

Colon Content. E.vtracts ivere prepared 
for inoculation using various methods.*®'-' 
Generally 10 cc. was given once intra- 
peritoneally and 5 cc. twice intranasally 
to Monkeys 31-54 and 31-64. Occasionally 
1 cc. of the ultracentrifuged inoculum was 
given intracerebrally cf. Monkeys 31-42 
and 31-43. (Table 2.) 

The following tissues collected at autop- 
sy were triturated individually to make a 
10% suspension by weight in sterile dis- 
tilled water, viz., central nervous system 
tissue; right and left axillary nodes. These 
suspensions were spun at 2000 r.p.m. for 
10 minutes and 1 cc. of the supernate 
was inoculated intracerebrally into mon- 
keys. The mesenteric nodes and splenic 
tissue were rinsed in 5 changes of sterile 
distilled water, prior to trituration. The 
intestinal segments, namel 3 ’^ duodenum, 
ileum and descending colon were opened 
(each done on a different daj’-) and their 
contents, excepting that from the lower 
colon, discarded. Using sterile gloves the 
serosal and mucosal surfaces of the intes- 
tinal segment were washed bj' gentle rub- 
bing with the finger and rinsed in 7 changes 
of distilled water. The washed tissues 
were triturated and suspensions prepared 
which were centrifuged as above, and 1 cc. 


inoculated intracerebrallj'’ into a monkej". 
Culture of the duodenal emulsion (0.05 cc.) 
yielded 8 colonies of B. eoli on a blood 
agar plate. The emulsion of ileum proved 
sterile to culture; 24 colonies of B. coll 
Avere counted on the blood agar plate 
seeded with 0.05 cc. of extract of descend- 
ing colon. “Whole blood” Avas prepared 
bj'^ breaking up the clot; 1 cc. of blood 
Avas inoculated intracerebrall}'^ and 5 cc. 
intraperitoneally into a monkey. 

Animals Inoculated. SeA^en rhesus (ilfa- 
caca midatta) and 13 A'ervet {Cercopithecus 
sethiops centralisf^ monkej^s Aveighing be- 
tAA'cen 1.5 and 3.5 kg. Avere used for these 
tests and Avere inoculated under full ether 
anesthesia. Unless the animal AA'^as killed 
earlier, monke^'^s inoculated intracerebrally 
AA'ere exercised dail^" and dailj^ rectal tem- 
peratures Avere recorded for 4 Aveeks. Four 
monkeys Avere re-inoculated after 4 Aveeks 
of uneventful clinical obserA'^ation (see 
Table 1). All animals Avhich shoAved 
symptoms of poliomyelitis Avere sacrificed 
at A\daat appeared to be an appropriate 
time. All other monkej’^s AA'ere sacrificed 
at the end of the 4 or 5 Aveek experimental 
period. 

Criteria for Identification of Poliomyelitis 
Virus. The criteria adopted for the iden- 
tification of poliomj'-elitis A'irus in this 
laboratojy haA'e been outlined clscAvhere.®® 
Essentiallj’' thej’- consist of the production 
in the monke.A' of an illness compatible 
AA'ith e.xperimental poliomj'elitis. Passage 
of the Aurus to a second monkey' Avas at- 
tempted and accompli.shed in 1 instance 
AA'ith this strain (W. G. D.). This strain 
produced no evident disease in cotton rats, 
SAviss mice, or 3 'oung adult rabbits. 

Results. A summaiy of the test per- 
formed on material from this case (W. G. 
D.) ajipears in Table 1. Virus AA'as de- 
tected in the phaiyngeal material; in the 
central nerA’ous s.A'stem (pons, medulla 
and cord); right axillary’- nodes (1 out of 
2 trials); mesenteric lATuph nodes; and 
duodenum (Avashed Avail). Wrus Avas not 
detected in the left axillarA' Ij-mph nodes 
(4 trials — negatiA’e), blood, spleen, ileum 
(AA-ashed aatiII) and colon (AA'ashed Avail). 
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The test with the colon contents was not 
completely satisfactory but may be re- 
garded as negative. 

Virus in Lysiph Nodes in Hujun 
P oLioJiY'ELiTis. For Comparison we have 
therefore analyzed previous work on the 
isolation of poliomyelitis virus from human 
lymph nodes and have also included in this 
report (see Table 4) 2 other fatal cases 
of poliomyelitis which we have had occa- 
sion to studj'- in this laboratory and from 
which lymph nodes obtained at autopsy, 
were tested for virus. 


physician found his temperature to be 
102° F. (oral). During the afternoon be 
was nauseated but did not vomit. By the 
next day (August 31) his left shoulder and 
right arm were weak. There were twitcb- 
ings of his face and he had difficulty in speak- 
ing. He became drowsy and his respiration 
became labored and uneven. 

He was admitted to the New Haven Hospi- 
tal on September 1 (No. B-360). On admis- 
sion his condition was critical. His respira- 
tions were irregular; breathing was difficult. 
There was moderate stiffness of the neck. 
The left pupil was smaller than the right. 


Table 1. — Tests for PonoitvELiTts Virus ix Tissues and Secretions From Patient W, G. D 

Monkey inoculation 


Tissue or secretion 

Date of 

Dosage and 

Species and 



coiiection 

portal 

No. 

Date 

Results 

CNS (medulla, pons, sp. cord) . 

S/2Q/45 

1 ml. 

ic 

R-3120 

10/24/45 

+ 

Pharyngeal secretion 

8/24 

1 » 

<1 

R-315G 

11/15 

+ 



4 " 

in 




Pharyngeal swab .... 

U 

1 “ 

ic 

R-31S5 

11/15 

+ 



2 ** 

in 




Lymph nodes; 

8/2G 





+ 

Rt. axillary (pool) . . . 

<1 

1 “ 

ic 

V-3031 

9/29 

Rt. axillary () node) 

II 

1 “ 

II 

V-3070 

10/17 

— 

Left axillary (pool) . , 

II 

1 “ 

ft 

V-3074 

10/15 

— 


1 “ 

It 

V-3074t 

11/13 




1 “ 

II 

V-3075t 

n/13 

— 



1 “ 

II 

V-3077t 

11/14 

•*- 

Mesenteric ...... 

II 

1 “ 

II 

V-3034 

10/15 

+ 

Blood 

<1 

1 " 

11 

V-3077 

10/17 

- 



5 “ 

ip 




Spleen 

« 

1 “ 

ic 

V-3075 

10/15 

- 

Duodenum (washed wall) 

If 

1 " 

It 

V-307S 

10/lS 

+ 

Ileum (washed wall) 

II 

1 

11 

V-3079 

10/18 



1 “ 

If 

V-3076t 

10/14 

— 

Deso. colon (washed wall) . 

ft 

1 " 

II 

V-3080 

11/9 

__ 

Colon contents 

it 

10 " 

ip 

R-3134 

11/10 




10 “ 

in 

R-3164 

11/21 

— 



1 " 

ic* 

R-3142 

12/14 




1 " 

ic* 

R-3143 

12/16 



ic = intracerebral, in = intranasal, ip = intraperitoneal route of inoculation; ♦ = ultracentrifuged 
material; R = rhesus, V = vervet monkeys; t = monkey used a second time in this experiment; + = 
experimental poliomyelitis, — '= negative, . . = incomplete test. 


These case reports are as follows: 

R. F., 30 years old, male telephone lines- 
man, was well until Aug. 29, 1939, when he 
developed a stiff neck. The ne.xt morning 
(August 30) the muscles of the shoulder girdle 
felt sore and stiff. Within a few hours he 
noted numbness and some weakness in his 
left hand, and complained of headache. A 


Biceps and triceps refle.xes were absent on 
both sides. 

His clinical course progressed swiftly down- 
hill. He was placed in a respirator. Shortly 
after admission he lapsed into a comatose 
state. He died on September 2, the 5th day 
of illness. 

A postmortem examination was begun 3 
hours after death. 
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Autopsy Findings. The skin was intact. 
Lymph nodes were normal in appearance. 
The posterior segment of the lower lobe, 
left lung, was firm, reddish brown in color 
and non-crepitant. The spleen was enlarged ; 
its pulp soft. The serosal surface of the 
cecum was stippled with petechial hemor- 
rhages. On the cut surface of the brain, 
flame shaped hemorrhages were seen in the 
subcortical area. Small red dots suggestive 
of hemorrhage were also seen on the cut 
surface of the cervical cord. 

Histologically, typical lesions of polio- 
myelitis were present in the spinal cord, 
medulla and pons. There was also exten- 
sive involvement in the region of the hypo- 
thalmic nuclei, and around the third ven- 
tricle. The olfactory bulbs (one section 
from each bulb) showed no evidence of 
inflammation. The histologj'’ of an inguinal 
lymph node appeared normal. 

Diagnosis: Acute bulbar poliomyelitis. 

Bronchopneumonia. 


D. D., 13 year old male, of Italian paren- 
tage became ill on Nov. 25, 1945, with chilly 
sensations and headache. On the day fol- 
lowing he stayed in bed because he “felt 
weak.” On November 27 he had sore throat, 
headache and chills. On awakening on 
November 28 he had pain in the upper part 
of his right arm. He choked when drinking 
water. His speech was thick. His right 
arm was weak and his neck hurt when he 
moved it. His temperature in the after- 
noon was 104° F. (rectal). He was admitted 
to the hospital on that day, November 28 
(B-74723).* 

His tonsils had been removed at the ag4 
of 3 years. He was large for his age and 
overweight but on the whole had been 
healthy. 

On admission he was acutely ill. He was 
oriented, restless and apprehensive. He 
was unable to swallow a frothy brown colored 
sputum. His speech was thick. His neck 
was stiff. The gag reflex was sluggish, and 


Table 2. — Tests for Poliomyelitis A^ibus in Tissues From Patient R. F. 

Monkey inoeulation 


Tissue 

Date of 
collection 

Dosage and 
portal 

Specie.s and 

No. 

Date 

Results 

CNS (cervical cord) . 

. . 9/2/39 

1 ml. 

ic 

R-I321 

9/12/39 

+ 

CNS (lumbar cord) . 

<( 

1 “ 


R-1327 

tt 

- 

Lymph nodes: 

Cervical 

U 

1 “ 

(( 

R-1322 

t< 

— 

Axillary 

<< 

1 “ 

a 

R-1326 

tt 

— 

Inguinal 

«< 

1 “ 

<( 

R-1324 


— 

Mesenteric 

“ 

1 “ 


R-1323 

t( 

— 

Mediastinal 


1 

(( 

R-1325 

(( 

— 


Legends as in Table 1. 


Seven samples of tissue were removed 
at autopsy into sterile separate containers 
as aseptically as possible: cervical and 
lumbar cord; cervical, axillary, medias- 
tinal, mesenteric and inguinal lymph nodes. 
Suspensions of these tissues were tested 
for poliomyelitis virus in 7 rhesus mon- 
keys, all of which were inoculated intra- 
cerebrally. Virus was isolated from only 
1 sample, namely, from the cervical region 
of the spinal cord. All the lymph nodes 
yielded negative tests. Results appear in 
Table 2. 


the left side of the soft palate drooped. The 
right arm was weak; the right biceps reflex 
was absent. The ninth, tenth and eleventh 
cranial nerves were involved. A lumbar 
puncture revealed 40 l 3 '^mphoc 3 'tes per c.mm. 
of spinal fluid. 

His clinical course in the hospital was brief. 
On November 29 he was restless, became 
disoriented and soon went into shock. He 
died on November 30, the 6th day of illness. 

A postmortem examination was begun 
3 hours after death. 

Autopsy Findings. The skin was intact. 
L 3 'mph nodes were normal in appearance. 


* AA''c arc indebted to the Department of Pediatrics, Yale University School of Medicine, for the 
privilege of transcribing data from this patient’s record, and to Dr. Charles Kennedy, of the Department 
of Pathologj', for the opportunity of studying the autopsy material. 
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Subendocardial hemonhages -n-erc visible on 
the wall of the left ventricle, the laigest 
occurring on the interventricular septum. 
Fibious adhesions covered the entire surface 
of the left lung. There x\ere subpleural 
hemonhages beneath t\ e visceral pleura in 
the left apical and posterior segment. The 
brain and cord were not remarkable in their 
gross appeal ance. 


case of W. G. D. The results of tests for 
the presence of poliomyelitis rirus in lymph 
nodes and other tissues from this case appear 
in Table 3. 

Distribution of Virus in Human 
Lymph Nodes. The findings in the case 
of W. G. D. fit somewhat irregularly into 
the pattern of previous workers on the 


Table 3.— -Tests for Poliomyelitis X'^jrus in Tissues from D. D. 


Dnte of 

Tissue collection 

'CNS (medulla, pons, sp cord) . 11/30/45 

Lymph nodes 

Rt a\illarv “ 

Left aYillary “ 

Rt. inguinal . “ 

Mesenteric (pool) “ 

Duodenum (Hashed urll) “ 

Heart muscle “ 

Legends as in Table 1 


Monkey inoculation 


Do'-afe and 
portal 

Species and 

No 

Date 

Results 

1 ml. 

IC 

R-317G 

12/6/45 

+ 

1 “ 

ft 

V-30S2 

12/4 



1 “ 

u 

V-3083 


— 

1 “ 


V-3085 

t( 

— 

1 “ 

it 

V-3084 

“ 

— 

1 “ 

u 

V-3086 

12/10 

— 

1 “ 

“ 

R-317S 

12/6 

+ 

1 “ 


R-3177 

12/S 

- 


Tt.BLE 4 .— Tests for Poliomyelitis Virus in Lymph Nodes Other Than Tonsils Recorded 

IN Pytal Human Cases 


.Yiithontj 

Cer\ucTl 

Aulhrj 

Inguinal 

Mediastinal 

Mesenteric 

Flexner and Lewis (1910)^ 





(l/l)t 

Levaditi, Schmutz and XVillcmin (1931)i- 



0/1 



Flevner U936)i 





0/8 

Klmg, 01m and Gard (1938)’ 

1/2 




4/33 

Kempf and Soule (1940)' 





0/3 

Sabin and Ward (1941)'’ 

0/7 

(1/7)* 

(1/7)* 


0/6 

Kessel, Moore, Stimpeit, Fisk (1941)’ 





OJU 

R. F., New' Haven Hosp. (1939) 

0/1 

0/1 

0/1 

0/1 

0/1 

ML G D. -1- D. D . New' Hai en Hosp (1945) 


1/2 

0/1 


1/2 

Total 

1/10 

(2/10)t 

(l/10)t 

0/1 

5/67 


1/1 = 1 test positne m a sample from 1 patient. 

* Axillary and inguinal nodes pooled, 
t One positue test nas from a pooled sample. 

i More than 25 years later (1936) Flexner* pointed out that sterile technique had not been used 
m this determination and so the positive result could not be accepted as definite. This test has not 
been included m the total. 


Histologicalli;, typical lesions of polio- 
myelitis Yvere present in the spinal cord, 
medulla and pons. Theie was moderate and 
extensive involvement in the posterior seg- 
ment of the pons in the regions of the floor 
of the fourth ventricle and the aqueduct of 
Sylvius. The olfactory bulbs showed no 
evidence of inflammation. 

Lymph glands were removed with the 
same precautions as those followed in the 


distribution of virus in tissues and secreta 
from fatal human cases.® ® ’® There is 
one positive test w'hich stands out rather 
prominently, namely the finding of virus 
in lymph nodes from the right axilla. 

Various efforts to isolate poliomyelitis 
virus from extraneural human tissue ob- 
tained at autopsy have been made and 
reported from the time poliomyelitis virus 
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was first discovered. It will not be our 
plan to review these studies here but Ave 
Avill list the reports of all tests that have 
been made on lymph nodes other than 
tonsils. The history of this subject Avas 
mentioned in 1941 by Sabin and Ward.'® 
Although it goes back to 1910,® most of 
the 13 '^mph nodes studies have been made 
witliin the last decade (see Table 4) ; the^'^ 
include the observations of Kling and his 
co-Avorkers® in Sweden; of Sabin and 
Ward;'® of Kessel et al.f and others (see 
Table 4). By far the greatest number of 
positive results have been obtained from 
the tonsils and attached phaiyngeal mu- 
cosa, but the difficulties of obtain- 
ing such material free of contamination 
are such that we have made no serious 
attempt to evaluate the literature on this 
score. 

To the tests recorded from the literature 
and listed in Table 4 Ave haA’^e added 3 
other cases studied in our own laboratory, 
described herein and hitherto unpublished. 

Discussion. Circumstances were such in 
the case of W. G. D. reported aboA'^e to 
make it highlj’’ probable that his infection 
Avith poliomyelitis virus AA'as acquired in 
the laboratory. It should be pointed out 
in this connection tliat this technician AA'^as 
exposed in his Avork to strains of poliomy- 
elitis virus recently isolated from human 
cases. This AA^as also the situation in the 
onl^r other reported case of laboratory 
infection Avith poliomyelitis virus. Ac- 
cording to a liberal estimate made from 
personal communications, and from pub- 
lished reports, it is our belief that during 
the decade 1936-45 not more than 50 to 
75 people maj’’ have been actiA'eh^ en- 
gaged in laborator^'^ AA'ork on experimental 
poliomj^elitis in this countiy and Canada, 
in which strams recently isolated from 
human sources were being used. Consider- 
ing tlie age of the average technical Avorker 
in the field, the tlieoretical attack rate 
of 2 per 50 to 75 adults is high. 

It appears to us tliat manual Avork 


with poliomyelitis Au’rus is more dangerous 
as far as contagion or infection is con- 
cerned than is Avork Avith patients ill with 
poliom^’^elitis. It is therefore our piu’pose 
in this paper to emphasize again the reallj^ 
great dangers of exposing technical Avork- 
ers to strains of poliomyelitis Aurus of 
this type.* 

Another purpose of this report is to 
consider the route through Avhich this 
man might haA'^e been infected. Unfortu- 
nately this requires speculation but among 
other routes Ave must include the possi- 
bility of the cutaneous route. At least, 
AA'e must recognize that poliomj’^elitis has 
been acquired accidentlj’^ in man bj^ inject- 
ing the Aurus under the skin. These acci- 
dents (supposedly 10 in number) occurred 
when A'^accination Avas being tried in this 
country in 1935." It is knoAAm that 
monkej'^s can be infected by the cutaneous 
route®' and probably this applies to chim- 
panzees." It is conceiA'-able therefore that 
the presence at autopsj’^ in the case of 
W. G. D. of virus in the right axillary’’ 
lymph node, as opposed to the left, might 
be a significant finding in vieAv of the 
presence of a deep scratch sustained bj’’ 
this man on the right Avrist during a 
period preceding his illness AAdien he Avas 
AA'orking Avith strains of the virus. But, 
AA'e do not feel at all prompted to promote 
the idea that infection Avas necessarily' 
acquired through the skin in this particu- 
lar case. We also do not belieA'e that 
infection AA'as necessarily' acquired through 
the olfactory' route, because of the loca- 
tion of lesions. In brief, therefore, the 
data presented have certain informatiA'e 
A-alue, but they' are not complete enough 
to alloAV one to say' hoAV this man acquired 
his infection. 

Summary. 1. A .fatal case of polio- 
my'elitis is described AA'hich occurred in a 
laboratory' Avorker. It is probable, al- 
though not definite, that this man acquired 
his infection as a result of exposure to 
poliomy'elitis virus in the laboratory. 


* During the 15 ye.ar period prior to 1930, the great majority of work on experimental poliomyeliti.s 
in the United States was carried out with strains of virus which were well established (through many 
passages) in the monkej'. 
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2. Prior to his infection he was working 
with human infectious material and with 
strains of poliomyelitis virus in their early 
monkey passage. 

3. Poliomyelitis virus was isolated in 
this case: from the throat (during life), 
and at autopsy from the central nervous 
system, the washed wall of the duodenum, 
mesenteric lymph nodes and from some of 
the right axillary lymph nodes. Atten- 
tion is called to this last fact because just 
prior to his illness he sustained an injury 
to his skin on the right ivrist. 


4. Previous experiences, both published 
and unpublished, on the isolation of polio- 
mj’elitis virus from lymph nodes is re- 
viewed and discussed in the light of the 
findings in the above case. 

o. Histologic lesions of poliomyelitis 
were present in one anterior olfactory 
nucleus. Extensive lesions were present 
in the midbrain, pons, medulla and spinal 
cord. 

6. The portal of entry of the virus was 
not determined. 
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GYNECOMASTIA DUE TO MALNUTRITION 
I. Clinical Studies* 
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Gynecomastia has been found asso- 
ciated with a wide variety of disturbances 
of the endocrine system, including atro- 
phyH.30 tumors of the testes,*®'^^-^® 
tumors of the adrenal cortex,®^ hyper- 
thyroidism^® and tumors of the pituitary,*® 
and has been induced by the administra- 
tion of estrogen, androgen** and desoxy.- 
corticosterone.*®’^^ In the vast majority 
of cases reported, hotvever, no obvious 
endocrine defects have been demonstrat- 
gj 20,22,52,63 Nevertheless, there is ample 
clinical and experimental evidence to 
suggest that gynecomastia is usually hor- 
monal in origin. 

Recently we have seen a number of 
gynecomastias associated with malnutri- 
tion. Our interest in the relationship be- 
tween nutrition and the hormones and in 
the possible role of the liver led us to 
study these cases. The present report is 
concerned with our clinical observations 
and the results of our investigation of tlie 
liver. Our hormone excretion studies will 
be reported in the following communi- 
cation. 

Material and Methods. Approximatelj" 300 
American soldiers, recently released from 
Japanese prison camps, were transferred to 
an Army hospital for further study and 
treatment in December 1945. They were 
taken prisoner in the Philippines during 
April and Maj’- 1942, and were released 
eaiij'- in September 1945. Most of them 


spent 2^ years in Filipino and 1 year in 
Japanese or Korean prison camps, where 
they lived on inadequate diets and suffered 
from severe malnutrition. In August 1945, 
food was dropped by parachute into some 
of the camps, but most of the men did not 
receive an adequate diet until they were re- 
leased in September. Then they gained 
weight rapidly, so that by December signs 
of malnutrition and deficiency disease were 
absent. 

On examination 36 of these men were 
found to have gjmecomastia. In addition, 
there were 12 men who had had g 3 mecomastia 
before admission to the hospital. These 
have been added to the series making a 
total of 48 cases. No case has been included 
that did not have a definite tumor mass in 
one or both breasts, or give a history of 
having had one. Many of the men had 
tenderness or fatty enlargement of the 
breasts without a palpable mass. Since 
pseudogynecomastia could not be ruled out 
in such cases, they have been excluded from 
consideration. 

A detailed history of the diet, nutritional 
state, complicating diseases, breast symp- 
toms and se.xual activity was recorded in 
each case. A careful physical examination, 
with special emphasis on the condition of 
the breasts, liver and testes was performed. 
The breasts and testes were measured with 
a fle.xible centimeter rule. Testes smaller 
than 4 x 2.5 x 3 cm. were regarded atrophic.** 

A blood count, urinalj'^sis, Kahn test and 
stool examination for ova and parasites were 
done routinel}^ 


* This work was supported by the National Cancer Institute Act, the Donner Foundation, tlie 
Jane Coffin Childs Fund, and the Fluid Research Fund of Y'ale University. 

t Formerly Chief of Medical Service, Schick General Hospital, Clinton, Iowa. 
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The functional capacity of the liver was 
tested by a number of methods described 
elsewhere,-® and the same criteria of abnor- 
mality were adopted; 

One minute serum bilirubin 
Total serum bilirubin 
Thymol turbidity reaction 
Cephalm-oholesterol flocculation 

Quantitative urobilinogen excretion 

Total serum proteins 
Bromsulplialein (5 mg./kg.) 


Once gynecomastia occurred it usually 
persisted for a long period of time, unless 
there was an improvement in the diet. 
The severity of the condition, however, 

Over 0.2 mg. per 100 cc. 

Over 1 mg. per 100 cc. 

5 and over 
1-)- in 24 hours 
2+ in 48 hours 
Over 1.2 units in 2 hours m 
2 out of 3 specimens 
Under 5.5 gm. per 100 cc. 

6% retention in 45 minutes 


The semen was examined in a small num- 
ber of patients. It was collected in a small 
glass jar, diluted in a blood pipette and 
counted in a hemocjrtometer in the usual 
fashion. 

Twentj'-four hour urine specimens were 
collected for determination of Ir-ketosteroid, 
estrogen, cortin and gonadotropin excretion. 
The specimens were kept refrigerated and 
uere preserved with toluene. As soon as 
the collection was completed, the urine was 
acidified with dilute acetic acid and it was 
shipped to New Haven b}* express, a distance 
of 1200 miles. 


fluctuated in a third of the cases. In some 
of these, relapses and exacerbations oc- 
curred spontaneously, but in others they 
appeared to be related to an improvement 
in the diet. 

Tenderness of tlie breasts was the out- 
standing symptom in all but 2 cases. It 
was frequently so severe that these pa- 
tients were unable to wear a shirt with 
comfort. The nipples were especially sen- 
sitive and were frequently more erect than 
normal. A few patients complained of 
spontaneous mild aching pain. 


Table 1. — Clixical CiURACTEntSTics of Dibtaki Gyxecoaustia in 48 Pbisoser" of U ar 


Onset 

During imprisonment (iiitenal 4 to 40 mos . av. 15 mos ) 

After release (interAal 2 vks. to 3 mos , av. 1.4 mos ) 

Duration 

Gynecomastia present 3 mos after release (duration 1 to 38 mos., av. 15.5 mos ) 
Gynecomastia cured 3 mos. after release (duration. I to 32 mos., av, 7 mos.) 
Relapses and exacerbations 
Follomng improvement in diet 
While on deficient diet 
Sj-mptoms 
Tenderness 
Pam 

Secretion 

Physical examination: 

Side: Bilateral 
Unilateral 

Glandular tumor mass (size: 1 to 4 cm., av. 2,6 cm., in diameter) 

Tenderness (slight 13, moderate 11, severe 7) . 

Induration (slight 21, moderate 15) 

Patty enlargement of the breasts 


33 

16 

36 

12 

15 


46 

6 

7 

31 

17 

36 


23 


Findings. Brcasfs. The clinical features 
of the gynecomastia observed are outlined 
in Table 1. 

Gynecomastia usually appeared after 
prolonged malnutrition. In a third of the 
cases, however, the onset did not occur 
until shortly after return to a normal diet. 


A definite secretion from the nipples 
had been noted by 7 patients, but in none 
could it be demonstrated in the hospital. 
It was described as “milky” in all but 1 
and had been of sufficient volume to stain 
the underclothes. 

The outstanding finding on physical e.x- 
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amination was a mass of glandular tissue 
beneath the areola. The mass was usu- 
ally discoid in shape, sharply demarcated 
and slightly to moderately indurated and 
tender. It was attached to the nipple, 
but was freely movable beneath the areola 
and over the underljdng structures. It 
was often as small as 1 or 2 cm. in diam- 
eter, but it was usually surrounded by 
an appreciable deposit of fat, so that the 
contour of the breast resembled that of 
the female at puberty (Fig. 1). The 
areola occasionally exhibited an increase 
in pigmentation, but it was rarely mai'ked 
in degree. 


fibrous tissue, measuring 5 cm. in diameter 
and 1.7 cm. in thickness. On one side 
there was a depression from which fibrous 
bands radiated. Microscopically, it ex- 
hibited the typical changes described in 
other forms of gynecomastia.--’^^’®® The 
principal findings were hyperplasia of the 
ducts and an increase in the periductile 
tissue. The ducts were increased in num- 
ber, elongated and tortuous, and showed 
considerable branching. Their epithelial 
lining was thickened, and in some areas 
exhibited papillary growth into the lumen. 
Although no cysts were demonstrable, a 
number of the ducts were dilated and had 



Fig. 1. — Case 23. Bilatcial gj^necomastia clue to malnutrition. 


Bilateral gynecomastia was much more 
common than unilateral. Frequently, 
however, the onset and clinical course 
differed on the 2 sides. 

In 2 patients the axillary lymph nodes 
e.xliibited moderate enlargement without 
tenderness. "Whether this Ijunphaden- 
opathy was related to tlie associated 
gynecomastia could not be determined. 

The glandular mass was excised for 
study in tlie patient illustrated in Figure 1. 
It shelled out of its fatty bed witli ease 
and appeared to be a disk of fat and 


thin walls. There was a great increase 
in the periductile tissue, which was com- 
posed of loosely arranged fibroblasts and 
fine fibrous strands in which were enmesh- 
ed a moderate number of lymphocytes and 
macrophages. The remaining fat and col- 
lagenous connective tissue, whicli com- 
prised the bulk of the tumor, were not 
remarkable. There were no acini (Fig. 2). 

Nutritional History. The essential data 
regarding nutrition are summarized in 
Tables 2 and 3. 

As indicated in Table 2, the diets in 
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Filipino and Japanese prison camps differ- dyspnea on exertion, which could be 
ed, but both were equally deficient in attributed to malnutrition, there were no 
protein, vitamins and calories. outspoken cardiac s 5 '’mptoms. It is as- 

The caloric deficiency was only moder- sumed that protein deficiency contributed 
ate, but due to the heavy labor required to the edema, although no data on the 
of these patients and the frequent occur- level of the serum proteins during ini- 
rence of untreated complicating disease prisonment are available, 
the weight loss was marked. As already indicated, signs of deficiency 



Fig. 2. — A, Normal male breast. Low power magnification. S, Normal male breast. High power 
magnification. C, Case 23. Dietary gj'necomastia. Low power magnification. D, Case 23. Dietary 
gj'neoomastia. High power magnification. 


Almost all of the group had severe beri- disease and malnutrition were lacking 
beri, pellagra or scurry in prison. Many when these cases came under our observa- 
were hospitalized for over 1 year. Specific tion. A few e.xhibited minor subjectiv'e 
treatment was inadequate, usually con- sensory changes and minimal edema of 
sisting of minimal supplement of vitamins the lower e-xtremities. These failed to 
and milk, and was rarely instituted until respond to intensive vitamin therapy, 
the patient was bedridden. E.xhaustive studies, including serum pro- 

Beriberi was by far the most common teins, venous pressure, circulation time, 
deficiency disease encountered and oc- electrocardiogram and Roentgen ray ex- 
curred in all but 4 of the cases. It was amination of the heart failed to disclose 
usually manifested by both neuritis and the etiology of the residual edema e.xhibit- 
mark^ edema. Except for weakness and ed by 1 of these patients. 
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Chronic dysentery, chronic malaria and 
acute infectious hepatitis occurred in a 
high proportion of the cases during im- 
prisonment. Intestinal parasites were 
A’^ery common. Although specific treat- 
ment was instituted in many cases before 
they came under our observation, half 
the cases still harbored 1 or more parasites 
as late as December 1945. 


As already indicated, gynecomastia oc- 
curred after prolonged malnutrition, but 
in 17 cases it did not appear until shortly 
after the resumption of a normal diet. 
The latter group includes 2 patients who 
developed gynecomastia in prison follow- 
ing a temporary increase in the diet. In 
both instances gynecomastia subsided in 
several months, only to recur when a 


Table 2.— Content or Diets Eaten by Prisoners-of-Wab Who Developed Gynecomastia 

Average daily intake 



Protein Fat 

(gm.) (gm.) 

Carbohydrate 

(gm.) 

Calories 

Philippines (2 to 2? yrs.) .... 

43 7 

353 

1658 

Japan (1 to 11 yrs.) 

41 8 

397 

1824 

Content; 

Rice (polished) ... . . 

Philippines 
(gm./No. days) 

480 to 520/day 

Japan 

(gm./No. days) 

280/day (Formosa) 

Barley or millet . . . . 

. . 

450/day (Japan) 


Soybean .... . . 

. . 

30/3 days 


Bread 


40/30 days 


Meat . . .... 

Fish 

100/7 days 

30/7 days 

30/7 days 


Egg 

Milk (10% of patients) 

Vegetables: native spinach (tele- 
lium), sweet potato tops (com- 
ote), string bean leaves 

Radishes (dikon) .... 

30/30 days 

30/day 

100/day 

SO/day 


Seaweed . 


15/2 days 


Potato . . 

. . 

30/3 days 


Fruit: bananas, mangoes, papayas, 
oranges, limes 

Tangerines, apples, pears 

1 to 3/7 days 

1/60 days 



Table 3. — Nutritional History of 48 

Average daily content of prison diet: 

Protein . . 

Fat 

Carbohydrate .... 

Calories 

Weight loss; 

Average 

Range .... 

Nutritional diseases: 

Beriberi ... 

With edema 
Pellagra 
Scur\'y 

Complicating diseases: 

Dysentery (unclassified) 

Malaria 

Acute infectious hepatitis 
Intestinal parasites 

Ascarts lutnbricoides 
Hookworm 
Trichnris irichiura 
Strongyloidcs stcrcoralis 
Entamoeba histolytica 


Cases of Dietary Gynecomastia 

42 . 0 grams 
7 5 grams 
375 0 grams 
1735 0 calories 

. . 61.1 lbs. (27.7 kg.) 

. . 27 to 100 lbs. (12.3 to 45.5 kg.) 

. 44 

38 

. . 38 

. . 27 

. 34 

. . 30 

. . 25 

. 23* 

15 

6 

1 

1 


* Demonstrated in December 1945. Other data in table refer to conditions during imprisonment. 
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normal diet was resumed on release from 
prison. 

The early and late effects of a good diet 
following prolonged malnutrition differed. 
In a general way it may be stated that it 
aggravated or precipitated many gyneco- 
mastias during the first 3 months, but 
that as dietary treatment was continued 
more and more cases were improved or 
cured. 

As indicated in Table 4, the immediate 
effects of a normal diet were to precipitate 
or aggravate gynecomastia in half the 
cases. A much smaller group showed im- 
provement during this period. In strik- 
ing contrast were the effects of a normal 
diet at the end of 5 months. By then all 
but 2 of the gynecomastias were improved 
or cured. Four cases underwent sponta- 
neous cure in prison before any improve- 
ment in the diet occurred. 


made of the actual food intake, but we 
know it was poor in many instances. Di- 
gestive disturbances and abdominal dis- 
tension were very common following the 
initial period of o^'ereating, so that many 
patients ate sparingly at the hospital. 

The effect on the reco^’ery rate of gyne- 
comastia of a high protein diet supple- 
mented with 90 gm. of casein was studied 
in 16 patients. The diet was begun dur-’ 
ing the 4th month of treatment. 'iMien 
the effects were compared with those in- 
duced by the routine diet during the same 
period, no significant differences could be 
found. 

.Although multivitamin capsules were 
offered as part of the diet from the time 
of release, their content was so variable, 
and they were taken so irregularly that 
their effects could not be assessed. A 
group of 8 patients, therefore, was given 


Table 4.~.A Cowparisos of the Early axd Lite Effects of a Nosjial Diet 
Following Prolonged Malnutrition 

£arl!/ Effects (2 veeks to 3 months) 


Gynecomastia precipitated or aggravated 25 

Gjnecomastia improved • It 

No effect on breasts ■ 2 

Cases with gynecomastia when diet was started . 27 

Improved 14 

Aggravated 8 

Unchanged o 

Cases witliout gynecomastia when diet was started . . 21 

Gynecomastia precipitated 17 

No effect on breasts . ... 4* 


Late Effects (5 to 7 months) 
Gjaiecomastia improved or cured . . . . 

Gjmecomastia unimproved 
No effect on breasts . . . 

* Spontaneous cures before normal diet was resumed. 


Xo data were available on the content 
of the diet eaten during the fir.st 3 months 
following release from prison. It must 
have been Jiigh in protein, calories and 
vitamins, as tiie patients recovered their 
former weights and all signs of vitamin and 
protein deficiency disappeared rapidly. 

At the hospital the usual diet for itmbu- 
latory patients, containing SO gm. of pro- 
tein and 3000 Cal., was offered to ail but 
10 of the cases. Xo measurements were 


a large supplement of vitamin B comple.xf 
for 30 days at the end of the 3rd month 
of treatment. There was con.siderable 
improvement of the gynecomastia at the 
end of the period, but when the results 
were compared with tliose of a regular 
diet during the same period, no signifi- 
cant difference could be demonstrated. 

J.nrr. The liver wa.s investigated for 
abnormalities of structure and function 
which might be corrclatcil with a disturh- 


t Thi.Tmin chloride 15 mg . rilmflavin mg,, nicotinic acid amide 150 mg. and 9 brewers' ycajt tablets 
daily. 
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ance of estrogen metabolism leading to mastia be related in point of time to the 
gynecomastia. Our findings are summar- active stage of the disease, 
ized in Table 5. Although the observed hepatomegaly 

More than a third of our cases exhibited was only moderate in degree, it is signifi- 
hepatomegaly, impaired liver function or cant that in more than half the cases it 
both. The interpretation of these abnor- was associated with tenderness. Only 3 
malities, with regard to their relation to of these 5 cases had a history of hepatitis, 
malnutrition, is complicated by the fact Almost a quarter of the group exhibited 
that 25 patients had a history of acute impairment of liver function. As indicated 
infectious hepatitis in the past. A high in Table 6, the degree of impahment was 
proportion of individuals, presumably alwaj'^s mild, and in only 3 cases was it 

Table 6. — Summary of Investigation op the Liver in 48 Cases of Dietary Gynecomastia 


Hepatomegaly . 9 

With tenderness 5 

With impaired function 1 

Impaired function . . .11 

Two or more tests abnormal . 3 


Functional tests: 



No. 

.Abnorm.^I 

Confirmed by 



tests 

tests 

other tests 


Hepatomegaly 

One minute bilirubin 

35 

0 




Total bilirubin 

. 35 

1 

1 


in- 

Thymol turbidity 

. 35 

1 

0 


0 

Ceph.-cliol. flocculation 

12 

7 

3 


It 

Urobilinogen 

8 

3 

2 


It 

Serum proteins 

30 

0 




Reversal A/G ratio 

30 

1 

1 


0 

Bromsulphalein 

32 

2 

0 


0 

Spider nevi 




. 

7 

With enlarged liver 




1 


With impaired function 



• 

2 


Reticulated erythema 





. 19 

With enlarged liver 




4 


With impaired function 




3 


Relationship of abnormal findings to histoiy of liepatitis: 






Total 

Hepatites 


No hepatitis 



(48 eases) 

(25 cases) 


(23 cases) 

Hepatomegaly and/or impaired function 

19 

13 


6 

Hepatomegaly 


9 

5 


4 

Impaired liver function 


. 11 

9 


2 

Spider nevi 


7 

5 


2 

Reticulated erythema 


19 

7 


12 


* Case 11. 

cured of tliis disease, e.xhibit similar resid- demonstrable by more than 1 test. How- 

uals.'® Significantly, half our cases with ever, it should be noted that the full 

a history of hepatitis and only a quarter battery of tests was not performed in 

of those witliout such a histor.y e.xhibited ei’ery case. All but 2 of these cases had 

abnormalities of the liver. Nevertheless, a history of hepatitis in the past, 

in the latter group no cause other than The association of cutaneous spider nevi 
malnutrition could be found for the ob- with liver disease, nutritional deficiencj’- 

served hepatomegaly or impairment of and pregnancy is well recognized. Recent 

function. work^’'*’^ suggests that their occurrence is 

In none of the cases with a history of related to an increase in circulating 
acute hepatitis could the onset of gyneco- estrogen. 
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A significant number of our cases had 
1 or 2 spider nevi. They were located on 
the chest in 3 and at the base of the neck 
in 4 patients. Although 5 of these liad a 
history of infectious hepatitis it is unlikely 
that the nevi were related to it. When 
spider nevi occur in infectious hepatitis, 
the disease is usually active and severe. 
It is more likely, therefore, that they A\ere 
related to malnutrition. 


15 seconds and reappeared vhen the\ 
were returned to tlie dependent position 
There were no significant changes in the 
skin, nails or sweat glands. The appear- 
ance of tlie hands resembled that seen m 
livido reticularis.- 

Of tlie 7 cases vith spider nevi, 5 also 
shoved palmar erythema, suggesting that 
the 2 conditions may be related. Sig- 
nificantly, hepatomegaly or impairment 


T^bie G — Liver ruNCTio’f Stpcifs 





C 
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S 

"5 
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.H 
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HS 

-C 
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C 

o 

1 
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2 

0 

3 
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o 
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5 
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I 

0 
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4 
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4 
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10 
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2 


11 
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2 
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12 





13 

0 10 

0 GO 
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15 
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3 
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17 
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6 


19 
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3 


20 
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3 
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24 
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3 


25 
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2 

0 

2G 
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4 


27 
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3 


28 

0 07 
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I 


29 
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3 


30 
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0 45 

4 
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* Cases I to 36 had g>necoma«tia >\hen tests were performed 
t Tenderness and hepatomegalv , , x r ^ 

X \ alues below 1 3 units recorded as 0 other >alucs are highest ot 3 apccimen.s. 
before admission to hospital 


Cases 36 to 46 had gjaiecomastia 


Palmar erythema occurs under the same 
conditions as spider nevi.® ^ ® hlore than 
a tliird of our cases exhibited a striking 
bright reddish-purple mottling of the 
palms with a diffuse erythema of the finger- 
tips. The mottling disappeared promptly 
when the hands were elevated for 10 to 


of liver function occurred in 7 of the 
19 patients with palmar erj-thema. Of 
those with impairment of function, all 
had a historj' of hepatitis, but 3 of the 
4 cases with hepatomegaly had no such 
history. 
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Endocrine System. Clinical . investiga- 
tion disclosed significant changes in the 
genital system in an appreciable number 
of our cases. The other endocrine glands 
appeared to be normal clinically. The 
findings are summarized in Table 7. 

Although the testes usually appeared 


As indicated in Table 7, the spermatozoa 
were decreased in number and motility in 
released prisoners both with and without 
gynecomastia. There was a very poor 
correlation between the sperm count and 
the size of the testes or the state of libido 
and potency. 


Table 7. — Summary of- Investigation of the Genital System in 48 Cases of 

Dietary Gynecomastia 


Atrophy of the testes 15 

Enlargement of the prostate 2 

Sexual function: 

Loss of libido after imprisonment 
Persistence of diminished libido after treatment 
Diminished sexual potency after treatment . 

Speim counts (normal minimum values: 3 to 10 oc., 60 millions, 75% motile): 
Prisoners With Active Gynecomastia 



Volume 

Sperm 

Motility 

Atrophy of 

Diminished 

Diminished 

Cage 

(ce.) 

(millions) 

(%) 

testes 

libido 

potency 

15 . . . 

4 

37 

75 

+ 

+ 

1 

19 . . . 

6 

42 

50 

+ 

0 

+ 

20 . . . 

. 4 

14 

15 

0 

0 

0 

27 . . . 

. 7 

160 

90 

0 

• 0 

0 


Prisoner 

With Gynecomastia in the Past 

• 


46 . . . 

. 9 

84 

80 

0 

+ 

+ 


Prisoners Without Gynecomastia 



H. . . . 

. 7 

63 

75 

? 

9 

1 

R. W. G. . 

. 10 

20 6 

80 

1 

? 

? 

H. S. . . 

. 5 

20 1 

50 

1 

9 

? 

R. A. Z. 

. 5 

12 6 

50 

1 

? 

1 


45 

13 

15 


normal, almost a third of them proved to 
be atrophic on direct measurement. There 
was no decrease in the size of the penis 
and the distribution of hair, contour of 
the body, texture of the skin and voice 
were tvithin normal limits. Slight diffuse 
enlargement of the prostate was noted in 
2 of the 6 patients examined. 

Complete loss of libido occurred during 
imprisonment in all but 3 cases. A similar 
loss also occurred in most of tlie prisoners 
witliout gynecomastia. It took several 
montlis to develop (average 5.6) but the 
administration of an adequate diet effect- 
ed a rapid return -of libido, usually in a 
few weeks. Nevertheless an appreciable 
number of patients still had diminished 
sex desire after 3 montlis of dietary treat- 
ment. Furtliermore, many of tliem noted 
loss of potency at this time, as indicated 
by a failure of erection, premature ejacu- 
lation or loss of orgasm. 


Comment. From the evidence pre- 
sented it seems reasonably certain that 
the form of gynecomastia described in 
this report was due to malnutrition. The 
only other etiologic factor that might be 
considered is acute infectious hepatitis, 
wliich occurred in 25 of our cases. Gilder 
and Hoagland'® have demonstrated an 
increase in estrogen excretion in this dis- 
ease, and gynecomastia has recently been 
encountered as a complication.^^ Both 
the increased excretion of estrogen and 
the appearance of gynecomastia occurred 
during the active phase of the disease. 
In none of our cases could the onset of 
gynecomastia be related in point of time 
to tlie hepatitis. Furthermore, 23 cases 
of gynecomastia occurred in individuals 
with no history of hepatitis, so that it 
appears unlikely that hepatitis was the 
primary etiologie factor, although it can- 
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not be excluded as a conti-ibuting factor 
in some cases. 

The mechanism by which malnutrition 
induced gynecomastia and the explanation 
for its occurrence botli during malnutrition 
and following the resumption of a normal 
diet warrant further consideration. 

The abnormalities of the liver and tes- 
tes, demonstrated in a significant number 
of these cases, suggest at least 2 possible 
mechanisms: (1) malnutrition impairs the 
ability of the liver to inactivate estrogen 
and thereby induces hyperestrinism and 
gynecomastia; and (2) malnutrition de- 
presses testicular function, either directl}'^ 
or through the pituitary, with the resul- 
tant decrease in androgen or “inhibin” 
activity leading to gynecomastia. 

The relationship betv'een gynecomastia 
and liver disease was noted first in cir- 
rhosis.^"'*^ Estrogen is normally- inacti- 
vated by the liver.®^ An increased excre- 
tion of estrogen, especially of the uncon- 
jugated form, occurs in cirrhosis compli- 
cated by gynecomastia.-' There is abun- 
dant evidence to indicate tliat estrogen 
plays an important role in the pathogen- 
esis of gynecomastia. Indeed, some work- 
efgie.so believe it is the major factor in ail 
cases. An increased e.\-cretion of estrogen 
has been found in cases of gjmecomastia 
associated with chorioepithelioraa of tlie 
testes'^ and carcinoma of the adrenal cor- 
tex^® and gjmecomastia lias been produced 
by the administration of estrogen both in 
man'^ and in e.xperimental animals.'®-^' 

Experimental rats fed diets deficient in 
vitamin B complex develop a functional 
impairment of estrogen inactivation by 
the liver.®-'' There is some evidence to 
indicate that tliis occurs also in humans.®-'® 
Recently it has been found that the effects 
seen in rats are due to general malnutri- 
tion and not to a specific vitamin defi- 
ciency.'® A similar decrease in estrogen 
inactivation occurs in rats on cirrhosis- 
producing diets'®-'® indicating the impor- 
tance of protein deficiency. Unna and 
his associates®' have prcscntcfl evidence to 
suggest tliat the liver requires an adecpiate 
supply of both protein and vitamin B to 


maintain jts function of estrogen inactiva- 
tion. 

A significant number of our patients 
e.xhibited signs of liver damage. Although 
antecedent hepatitis could not be exclud- 
ed as an etiologic factor in some, no cause 
for liver damage other than malnutrition 
could be found in the remainder. Meien- 
berg and Snell?® have also noted liver 
damage in malnourished prisoners-of-war. 
These findings lend support to the hj’poth- 
esis that the g 3 ’necomastia in our cases 
was due to an impairment of estrogen 
inactivation induced bj' malnutrition. 
The disturbance in estrogen metabolism 
which occurs in -^dtamin B deficiency* is 
unaccompanied bj’- histologic clianges in 
the liver.® Estrogen destruction is ac- 
complished by* an oxidative enzyme sys- 
tem.®' Malnutrition may upset this 
mechanism by altering the interna! chem- 
ical environment of the liver without 
inducing other structural or functional 
changes. Thus, the absence of overt 
liver damage in many* of our cases does 
not exclude a functional derangement of 
estrogen metabolism. 

Our patients lived on diets deficient in 
protein, vitamins and calories for a long 
time. The data do not indicate which 
of these factors was responsible for the 
gynecomastia. No special significance can 
be attached to our failure to demonstrate 
a curati^'e effect of large supplements of 
vitamin B and protein, since the.se experi- 
ments were undertaken so late in the 
course of treatment. 

The liver presumably requires one or 
more elements in the diet to maintain 
its function of estrogen inactivation. It 
is possible that in those cases in which 
gynecomastia was precipitated by a good 
diet, the requirement of these elements 
fell with the metabolic rate during mal- 
nutrition, so that an otherwise inadequate 
diet .sufficed. During the initial period of 
rc,storc(l nutrition, however, when the 
metabolic rate was rising rapidly, tlic re- 
quirement was so great that even the 
normal diet failed to meet it. A similar 
mechanism m.ny operate in the hitherto 
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unexplained gynecomastias that occur oc- 
casionally in hyperthyroidism.'*® 

The 4 gynecomastias that recovered 
spontaneously during the state of malnu- 
trition are of interest. MacDonald®* has 
found that administration of estrogen to 
castrate rabbits induces hyperplasia of the 
breasts, but that if it is continued for 
over 100 days the breasts return to nor- 
mal. Thus, spontaneous recovery in our 
cases may have been due to unusually 
prolonged estrogen activity. 

The association of gynecomastia and 
atrophy of the testes is well recognized.” •®® 
It has been suggested that the testes 
inhibit growth of the breast in normal 
males®^ and androgen has been employed 
with some success in a few cases of gyneco- 
mastia.*'®® There is evidence, however, to 
contradict this hypothesis. Gynecomastia 
frequently does not respond to androgen 
therapy.*®’®® An increase in androgen ex- 
cretion has been reported in gyneco- 
mastia,*® and injections of androgen have 
produced gynecomastia in humans®® and 
in experimental animals.*® 

Klinefelter and his associates®® have 
recently described a number of gyneco- 
mastias with atrophic testes in which 
biopsies revealed hyalinization of the sem- 
iniferous tubules with normal appearing 
interstitial cells. They review the evi- 
dence for the existence of a second testicu- 
lar hormone, X-hormone (inhibin), secret- 
ed by the seminiferous tubules, and sug- 
gest that in tlieir cases gynecomastia was 
due to the normal groAvth-promoting effect 
of androgen on the breast, in the absence 
of the inhibiting effect of X-hormone. 


The oligospermia and loss of libido and 
potencj”^ indicate that there was a decrease 
in both tubular and interstitial cell activ- 
ity in our cases. If Klinefelter’s hypoth- 
esis is correct, it is possible that gyneco- 
mastia occurred because X-hormone was 
decreased to a greater extent than andro- 
gen; furthermore, that in the gyneco- 
mastias that were precipitated by a good 
diet the return of androgen activity to 
normal was more rapid than that of X- 
hormone. 

Testicular atrophy occurs in malnutri- 
tion®® and severe liver damage.*® It was 
probably due to malnutrition in our cases. 
The degree of liver damage we encoun- 
tered appears to be too mild to account 
for testicular atrophy. There is some 
evidence that the effects of malnutrition 
on the testes are mediated through the 
pituitary,®® although a direct effect cannot 
be excluded. 

Our observations do not warrant any 
definite conclusions regarding the patho- 
genesis of gynecomastia due to prolonged 
malnutrition. 

Summary. 48 cases of gynecomastia are 
presented with evidence to indicate that 
they were due primarily to chronic mal- 
nutrition. Clinical investigation revealed 
abnormalities of the liver and genitalia. 
The relationship of these abnormalities 
to malnutrition and their possible role in 
the pathogenesis of gynecomastia has 
been discussed. The findings do not war- 
rant any definite conclusions regarding 
the pathogenesis of gynecomastia due to 
malnutrition. 
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In the communication immediately pre- 
ceding, the occurrence of gynecomastia 
in relation to severe malnutrition was 
described. It was suggested that derange- 
ment of liver function may have con- 
tributed to this lesion. The problem, 
however, seemed to be primarily one of 
endocrine imbalance, especially because 
testicular atrophy was noted. Accord- 
ingly determinations of 17-ketosteroids 
(“ androgens ”)j estrogens, “cortins,” and 
follicle-stimulating hormone in the urine 
were undertaken. 

These determinations were made at a 
time when the subjects had returned to 
normal weight, and at intervals varying 
from 1 to 38 months after the onset of 
the gynecomastia. The object of the 
laboratory studies was to test the various 
hypotheses as to mechanism, which re- 
solve themselves into 2 main categories 
as follows : 

1. Malnutrition impairs the hepatic in- 
activation of estrogen and thus leads to 
hyperestrinemia. 

2. Malnutrition depresses the pituitary, 
with secondary atrophy of the testes and 
resulting decrease in androgen excretion 
and possibly of “inhibin” activity. 

Experimental Methods. Twenty-four hour 
urine samples were collected with toluene 
as a preservative, and immediately acidified 
to pH 6 with acetic acid. The urines Avere 
obtained from subjects who were patients in 
a militaiy hospital and from civilian gjme- 
comastics in New Haven. Control urine 
• samples were collected from individuals in 


3 categories, namely, (a) released prisonei’s- 
of-war without gynecomastia; (b) medical 
corps personnel from the same hospital, and 
(c) normal men and women from New Haven . 
The urines were extracted according to the 
scheme outlined by Pincus” with minor 
modfications. Because the urines from mili- 
tary personnel were shipped by express over 
1000 miles, special care was taken to com- 
pare control and test urines obtained under 
like conditions. The method of Cahen and 
Salter was used for the determination of 
17-ketosteroids.* Cortins were determined 
by a modification of the method of Talbot.*® 
Estrogens were determined by bioassay, 
according to the modified Marrian procedure 
as described bj’’ Thayer and Doisy.*^ In 
certain instances these estrogen values were 
confirmed by a chemical method developed 
in this laboratory. Follicle-stimulating hor- 
mone was estimated roughly by the method 
of Klinefelter, Albright and Griswold.® 
Tests for liver function have been described 
in the communication umnediately preceding. 

Results. The data for 17-ketosteroids 
are illustrated in Figure 1 and Tables 1, 
2 and 3. 

Gynecomastia in Military Personnel. 
Although a feAv of the 27 values for gyneco- 
mastic patients were within the normal 
range for males, the group as a Avhole 
showed loAv values. When construed as 
an array of increasing values, the group 
constituted a statistical population which 
fell intermediate between those of normal 
males and normal females of the same age 
group (20 to 45 years). The respective 
mean values, expressed in milligrams per 


* Tliis work was supported by the National Cancer Institute Act, the Donner Foundation, Na^w 
Task Order No. VI, and the Fluid Research Fund of Yale University. 

t Formerb'' Chief of Medical ScrAnce, Schick General Hospital, Clinton, Iowa. 
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24 hours, were 8,4=i=2.2 for females; 
10.3—2.9 for gynecomastic males, and 
14.2^4.8 for normal males. It will be 
observed that the values for normal males 
in New Haven were indistinguishable 
from iJie group obtained for controh in 
the Army camp. Statistical analysis by 
Miss Barbara Bartels showed, further- 


tion of estrogens was made on castrated 
female mice by a bioassay procedure which 
is much less accurate than the chemical 
metliod used for 17-ketosteroids. There- 
fore, no great emphasis is placed upon 
absolute values, but rather the relative 
magnitude of the excretion was considered 
significant. It was quite clear, however, 
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more, that the population of gynei'oinns- 
tics wa.s discrete from cither the group of 
normal males or tlie group of normal 
females: the probability values, P, were 
both less than 0.01 that this discrimination 
was accidental. 

As shown in Ttiblc 4, the c.xcretion of 
“cortins” was normal. Tlie deterraina- 


Ruik 

W-Kcto^tcroiils 

(orilrr) 

(mr. Iirr 2I hr.) 

1 

5.2 

2 

5 9 

3 

0 I 

•I 

7 1 

5 

7 0 

G 

S -1 

7 

S 5 

S 

S 5 

9 

S 5 

10 

9.3 

n 

9 G 

12 

9 9 

13 

M 0 


S 35 * ; 


iJwt the e.\eret!on of estrogens was low in 
the gynecomastic group as comptircd with 
simultaneous analogous determinations on 
normal controls. ^Moreover, cliemical 
analyses for estrogens by a method devel- 
oped in this laboratorA- j'ielded low results. 
The biologic data are presented in Table 4. 
No significant amount of unconjugated 
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estrogens could be detected, although at 
low excretion levels this determination 
has little significance. As regards the 
estrogen-androgen ratios, moreover, they 
were no higher than in the normal males. 
The normal ratios, as shown in Table 4, 
range from 0.11 to 0.74. The comparable 
range for the gynecomastics was from 
0.05 to 0.76. Obviously there was no evi- 
dence of an estrogenic preponderance at 
the time these patients were studied. 


In these cases, also, the excretion of 17- 
ketosteroids was low and the estrogen: 
androgen ratios were normal. 

Discussion. Many theories have ap- 
peared in the last few years on the mechan- 
ism of gynecomastia.^’^'^®’^^ In this com- 
munication pertinent facts are presented 
in the form of hormonal values for a group 
of gynecomastia cases associated with 
malnutrition. 

Beside gynecomastia, these patients 


Table 2.— Urinary Excretion of 17-Keto8tbroid8 and “Cobtin8 ’ in Normal Males 

From Army, and Civilian Groups 

Rank 17-Ketosteroids " Cortina” 

Subject (order) (mg. per 24 hr.) (mg. per 24 hr.) 


J. G. S 1 

R. B.* 2 

E. M. K.* .... 3 

R. O.* 4 

N*. 5 

B. G 6 

J. H. C.* 7 

S. * 8 

B.* 9 

0. K 10 

W, W 11 

S. K 12 

Z.* 13 

R.* 14 

J. F 15 

D. M 16 

W.* 17 

J. W.* 18 

V. D 19 

E. R 20 

R. M 21 

E. Me 22 

T. S 23 

R. C 24 

G. K.* 25 

S. * 26 

W. S 27 


Mean 

* Army (14 cases). 

As regards the follicle-stimulating hor- 
mone, no elevation above the normal excre- 
tion level could be demonstrated. Not 
much emphasis, however, could be placed 
upon this negative finding because the 
stability of the FSH was unknown under 
tlie conditions of the experiment. 

Gynecomastia in Civilians. Both Tables 
1 and 4 contain additional data obtained 
from a heterogeneous group of gyneco- 
mastias encountered in New Haven. None 
of them were associated with malnutrition. 
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3.1 

0.63 

8.3 

1.17 

8.4 

0.73 

9.2 

0.66 

9.5 

0.14 

11.0 


11.1 

0.60 

11.4 

0.68 

11.8 

0.24 

13.0 


13.0 


13.0 


13,4 

1.67 

13.7 

0.71 

14.0 


14.0 


14.7 

0.85 

14.7 


15.0 


16.0 


19.0 


20.0 


20.0 


20.0 


20.8 

1.06 

22.7 

1.14 

23.0 


14.2=fc4.8 

0.79±0.37 


showed testicular atrophy and low “andro- 
gen” excretion. Associated with these 
findings was a concomitant oligospermia 
and a diminution in potency. Unfortu- 
nately, it is not known whether these 
testicles showed the hyalinization of the 
tubular tissue described by Heller and 
Nelson.® It is already established that 
low 17-ketosteroid excretion may follow 
either cachexia^^ or liver damage.®-^ Both 
factors may have been operative in these 
prisoners-oWar. The finding of a dim- 
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inished 17-ketosteroid excretion, accord- 
ingly, raises the possibility that a decrease 
in androgens was responsible for the breast 
development. This theory has led some 
investigators®'^® to test the therapeutic use 
of testosterone in gynecomastia, but with 
conflicting results. The best evidence that 


In addition' to a marked tendency 
toward testicular atrophy in both groups, 
the liver is also suspect. In the malnour- 
ished group definite evidences of' this has 
been recorded in the preceding communi- 
cation. In addition, histologic e.\-amina- 
tion of 2 cases has been reported by 


Table 3. — GyNEcosusTiA — TJ hin.^rv Excbetiox of 17-Ketosteroids ano “CoRTiNs” in 
Gynecojusha in Militart and Civilian Hospital Patients 

, Inten'ol 

Diameter since onset 





17-Ketosteroids 

“Cortins " 

of breast 

of gj’neco- 


hner 

Case 


Rank 

(mg. per 

(mg per 

tumor 

mastia 

Afrophj 

djsfunc- 

No. 

Patient 

(order) 

24 hr) 

24 hr.) 

(cm ) 

(mos ) 

of testes 

tion 




Military Personnel 





31 

Nich. 

1 

4 1 

0 95 

3 5 

29 

0 


35 

Tyr. 

2 

4 3 

0 89 

4 0 

4 

+ 

4' 

15 

Hiet. 

3 

6 1 

1 75 

2 0 

36 

■f 

0 

9 

Per. 

4 

7 3 

0 21 

3 5 

33 

0 

-f 

32 

Hop. 

5 

7 S 

1 29 

2 0 

1 

4- 

0 

5 

Cen. 

6 

8 1 

1 48 

2 5 

4 

0 

0 

23 

Oliv. 

7 

8 1 

0 83 

4 0 

36 -f 

0 


39 

DeG. 

8 

8 3 

0 40 

0 

33 

0 

0 

34 

Stra. 

9 

8 6 

1 25 

3 0 

o 

0 

0 

6 

Chris. 

10 

9 5 

0 41 

3 0 

3 

0 

+ 

IS 

John E. 

11 

10 1 

2 15 

2 0 

4 

"f 

4* 

25 

Rog. 

12 

10 5 

0 57 

3 5 

13 

0 

0 

26 

Shad. 

13 

10 5 

1 95 

2 5 

1 

0 

0 

11 

Gim. 

15 

• 10 9 

1 12 

4 0 

4 

0 

-f 

33 

Alb. 

16 

'"10 9 

0 48 

2 0 

30 

+ 


4 

Bur. 

17 

11 0 

0 53 

2 0 

3 

0 


7 

Dam, 

18 

11 0 

0 40 

2 0 

25 

0 

4" 

10 

Fitz. 

19 

11 4 

1 93 

2 5 

3 

+ 

0 

13 

Hay. 

20 

'• 12 3 

1 00 

3 0 

1 

4* 

0 

43 

Sch. 

21 

12 6 

0 22 

0 

33 

+ 

0 

14 

Hilt. 

22 

" 13 1 

0 73 

4 0 

0 

4r 

4- 

16 

Hop. C. 

23 

L 13 2 

1 41 

2 0 

13 

+ 

4- 

17 

Imm. 

24 

13 7 

2 36 

3 0 

3S 

+ 

■4 

19 

John M, 

25 

13 8 

0 53 

2 0 

13 

4“ 

0 

46 

Vand. 

26 

t 14 5 

1 05 

0 

19 

0 

0 

4S 

Horn. 

27 

15 0 

0 61 

0 

12 

+ 

0 

Mean 

. . . - 


10 3±2 9 

1 02±0 60 








Ciriliane 





POP 

Cartw. 

1 

2 2 

0 


1 

0 


BS2024 

I.aBr. 

2 

4 0 

0 27 





S 

Stem. 

3 

4 2 

0 





POP 

Sco. 

4 

5 4 

0 

5 0 

24 

4 

0 

PP205 

Spra. 

5 

(7 S 

0 37 



0 



Wcic. 

6 

9 9 

0 3S 

•• 


+ 


Mean 

• . • < 


5 0 ' 

0 17 






* C.Tse numbers refer to patients discussed in the commuiucation immediately precedinc. 


a diminished androgen output probably 
docs not account for gynecomastia lies in 
the fact that gynecomastia has been in- 
duced by injections of testosterone’® and 
also tliat in some cases of gynecomastia 
an increased c.vcretion of androgen has 
been demonstrated.“ 


Mcienberg and Snell,” through whose 
courtesy we were able to e.xamine their 
manuscript on “Nutritional Deficiency as 
a Probable Cause of Hepatic Damage in 
Repatriated Prisoners-of-war.” Their bi- 
opsy specimens showed fatty infiltration 
and" other evidence of liver impairment, 
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presumably transient in character-,,, More- 
over, these authors studied 51 such pa- 
tients who were repatriated prisoners-of- 
war, and found a high incidence of clinical 
and laboratory evidence of hepatic dam- 
age. Dietary deficiencies were considered 
as possibly responsible, in the absence of 
any evidence of the role of hepatotoxic 
agents or of systemic disease. 


ponderance had passed before the mam- 
mary hyperplasia was observed. It might 
also be maintained that the urinary excre- 
tion of estrogens does not reflect ade- 
quately the concentration of circulating 
hormone. This latter supposition, how- 
ever, appears contrary to the general 
experience in other physiologic and patho- 
logic conditions involving estrogenic activ- 


Table 4.— Urinary Excretion op Estrogens in Gynecomastia , 


Case 

No.* 

Patient 

Rank 
(order in 
androgen table) 

Total estrogens 
(meg. per 24 hr.) 

17-Ketosteroids 
“androgens” 
(mg. per 24 hr.) 

Estrogen: 

androgen 

ratio 



Military Personnd 



32 

Hop. 

5 

0 6 

7 8 

0 08 

13 

Hay. 

20 

0 7 

12 3 

0 06 

48 

Horn. 

27 

0,7 

15 0 

0 05 

11 

Gim. 

15 

1 5 

10 9 

0 14 

14 

Hilt. 

22 

1 8 

13 1 

0 14 

34 

Strak. 

9 

2 0 

8 6 

0 23 

18 

John E. 

11 

2 4 

10 1 

0 24 

26 

Shad. 

13 

2 6 

10 5 

0 25 

31 

Nich. 

1 

3 1 

4 1 

0 76 

15 

Hiet. 

3 

3 1 

6 1 

0 46 

6 

Chris. 

10 

• 4 2 

, 9 5 

0 44 

10 

Fitz. 

19 

4 7 

11 4 

0 41 

17 

Imm. 

24 

4 7 

13 7 

•' 0.34 • 

Mean 

. . . . 


. 2 5±1 4 

10.2±2 8 




Civilian Patients 



POP 

Cart. 

1 

2 1 

2 2 

0 95 

s 

Stew. 

3 

2 8 

4 5 

0 62 

POP 

Sco. 

4 

1 9 

5 5 

0 35'!’ 

PP 205 

Spra. 

5 

0 9 

7 8 

0 11 

Mean 

• • 


. 1 9 

' " 4 8 




Normal Controls 

- 



Smi. 

1 

2 3 

3 f ' 

0 74 


Hin. 

2 

1 6 

8 4 

0 19 


Nud. 

3 

2 2 

9 5 

' 0 23 


Rub. 

4 

4 2 

13 7 

0 31 


Wat. 

5 

9 0 

14 7 

0 61 


Klat. 

6 

8 a.r ^ 

20 8 

- 0 4f; 


Sten. 

7 

2 4 “ ^ 

22.7 

0 11 

Mean 



.43 

13 3 



* Case numbers refer to patients discussed in the communication immediately preceding. 


Although several theorists have pro- 
posed estrogen imbalance as a possible 
cause of gynecomastia, these patients 
showed a low urinary estrogen excretion. 
These low values were obtained tlirough 
bioassay on castrated mice, and confirmed 
by a colorimetric method recently devel- 
oped in this laboratory. Of course, it 
might be assumed that the estrogenic pre- 


ity. Witli respect to a hypothetical pre- 
ponderance of estrogen, it is striking tliat 
the ratio of estrogens to androgens is 
normal despite tlie low androgen values 
observed. In short, the normal estrogen : 
androgen ratio reflects a proportionate 
diminution in the excretion of both sex 
hormones. 

It is of interest that a heterogeneous 
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group of gynecomastias encountered m 
civilians without malnutrition showed es- 
sentially the same hormonal excretion and 
normal estrogen: androgen ratios. 

The role of the pituitary in gynecomastia 
remains obscure. In Heller’s cases of 
Sertolian atrophy there was a high excre- 
tion of follicle-stimulating hormone.* Like- 
wise, in the group of gynecomastias re- 
ported by Klinefelter, Beifenstein and 
Albright,® an excessive excretion of fol- 
licle-stimulating was noted, namely, the 
characteristic “castration phenomenon.” 
Our findings resemble those of both re- 
ports, except that no increase in FSH 
could be demonstrated. Obviously, a 
combination of quantitative data will be 
needed for the final solution of the mech- 
anisms involved in various types of 
gynecomastia. 

Summary. In 27 cases of gynecomastia 
of nutritional origin, determinations of 
mrinary 17-ketosteroids, cortins, estrogens 
and follicle-stimulating hormone have been 
made. 


Control studies were made on normal 
individuals from the military and civilian 
populations. In addition, cases of g 5 meco- 
mastia occurring in civilian life were 
studied. 

As a group, the gynecdmastics showed 
significantly lowered values for 17-keto- 
steroids. Estrogens were in the low nor- 
mal range. “Cortins” were normal. No 
elevation of follicle-stimulating hormone 
was detected. The estrogen: androgen 
ratio was normal. 

The findings distinguish this group from 
the gynecomastia of cirrhosis and acute 
hepatitis, but at the same time suggest 
that temporary derangement of liver 
function may play a prominent r61e in the 
pathogenesis of the lesion. A possible 
alternative explanation is that the pitu- 
itary-gonadic axis is primarily involved. 

The group was not dissimilar to certain 
types of gynecomastia found in the cnnlian 
population. 
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MILD RHEUMATIC REACTION IN COAST GUARD RECRUITS 

By Harvey Poliakoff, M.D. 

FORMERLY SURGEON (RESERVE), UNITED STATES PUBLIC HEALTH SERVICE 

BROOKLYN 29 , N. Y. 

(From the U. S. Coast Guard Training Station, Manhattan Beach) 


Each winter and spring a high incidence 
of acute ankle arthritis has been noted 
at this Coast Guard Training station. 
Analysis of the 1945 outbreak leads to 
the conclusion that it is a mild manifesta- 
tion of rheumatic fever. Of all cases of 
rheumatic fever in the 1945 epidemic, 
54% ran a significantly similar course 
characterized by transient mild ankle 
arthritis with a paucity of other symptoms. 

The clinical features are reported be- 
cause this pattern of rheumatic reaction 
has not been described previously as 
frequent either in civilian life or military 
outbreaks.^ 

Clinical Features. Practically all 
the cases were in new recruits, men from 
widely separated regions of the country, 
experiencing barracks life for the first 
time, and under 19 years of age. Only 6 
of 52 had been on the station over 21 days; 
only 4 had been in service over 90 days. 
Some patients would carry on with symp- 
toms a few days before reporting ill; 
others would report early. There are prob- 
ably unreported cases, in men who failed 
to report at sick call because they were 
able to carry on their duties. 

Symptoms were first noted in the 
morning with ankle pain and disability, 
occasionally with fever and malaise. Ex- 
amination showed redness, swelling, ten- 
derness, and heat about one or both ankle 
joints. Signs of intra-articular fluid were 
definite in most cases. In addition, there 
was a periarticular soft, non-pitting indu- 
ration of the adjacent skin and subcuta- 
neous tissue. Signs and symptoms would 
fade in a few days. Ankle signs or symp- 
toms lasted 1 day in 5 cases, 2 days in 
23 cases, 3 days in 14 cases, 4 days in 
3 cases, 6 days in 1 case and 7 days in 
1 case. Telangiectasis and ecclijunoses 
about the involved skin would usually be 


evident on the 2nd or 3rd day of involve- 
ment and would disappear a day or 2 
after subsidence of articular fluid. The 
highest emperature recorded was 103° F. 
Nine ran no temperature elevation; 4 
were febrile for 6 days; the remainder 
were febrile less than 3 days. In 30 of 
52, the maximum elevation was under 
101° F. 

Data from some cases are incomplete 
but all taken together confirm rheumatic 
involvement. When the 52 were analyzed 
carefully, 13 (25 %) showed definite rheu- 
matic stigmata as reported in Table 1. 
In 29 cases 1 or more ECGs were taken, 
with evidence of transitory carditis found 
in 5. Of 48 cases, in which 1 or more 
sedimentation rates were taken, values of 
over 15 mm. per hour were found in 44 
and over 30 mm. per hour in 34. In 
31 men questioned as to a recent respira- 
tory infection, 22 gave positive answers. 
Of 40 questioned as to history of past 
rheumatic activity, 3 gave positive an- 
swers: 20 cases involved both ankles, 
19 cases the left ankle alone, and 13 cases 
the right ankle alone. 

Graphs show the monthly incidence of 
the ankle cases as compared with: (1) 
Rheumatic fever incidence. (2) Station 
(2) Station infirmary admissions for respi- 
ratory disease. (3) Station scarlet fever 
incidence. 

The correlation between ankle incidence 
and the hospital rheumatic incidence is 
evident. The relation to the peaks of 
respiratory illness and scarlet fever inci- 
dence is definite. 

It is probable that more rheumatic stig- 
mata would have been found if facilities 
and time allowed for: (1) Longer follow- 
up; (2) repeated EGG studies; (3) anti- 
streptolysin titer studies. 



POLIAKOFF: MILD RHEUMATIC REACTION IN COAST GUARD RECRUITS 


Comment. This study describes a fea- 
ture of the rheumatic state* not previously 
emphasized. In over 50% of the cases 
of our 1945 outbreak, signs and symptoms 
were confined to a few days of mild ankle 
arthritis with little sj-stemic evidence of 
rheumatic fever. Follow-up and group 
study was required to establish the diag- 


which are usually considered non-rheu- 
matic.” Diagnostic criteria of Jones* 
(1944) are significant. He advises in 
cases of transient mild polyarthritis, "If 
the patient has had tonsillitis, pharyngitis 
or even a cold in the past 2 or 3 months 
and serologic tests (such as antistreptoly- 
sin determination) indicate another recent 


Table 1 

Case 1. Aches in thighs, systolic murmur at apei. 

Case 2. ECG changes of ST segment and T ware, knee pain. 

Case 3. Subsequent spread to knee and wrist, 1° heart block, eventual aortic and mitral 
damage. 

Case 4. Systolic murmur at ape.v, subsequent spread to knee, elbow and wrist. 

Case 5. T wave changes, erythema marginatum. 

Case 6. Stiffness of knees. 

Case ", 3® heart block, T wave changes, harsh apical systolic murmur, pain in heels. 
Case 8. Stiffness and aches of calves and thighs. 

Case 9. 1° and 2® heart block. 

Case 10. Sj'stolic murmur at apex, 1 ° heart block and spread to other joints. 

Case 11. Aches in calves, thighs and back. 

Case 12. Apical systolic murmur transmitted to axilla. 

Case 13. Frequent nose-bleeds. 



nosis which was often missed in past years. 
It is inferred that all epidemics inclnde 
many cases of a iniUi type plus a possible 
group of subclinical cases. Study of cases 
of tills type show the incidence of rheu- 
matic fever to he higher than thought 
previously. 

Findings may he correlated with those 
of Hall and Anderson* (1943) who found 
a high incidence of rheumatic stigmata in 
detailed postmortem studies of ‘‘hc.arts 


hemolytic streptococcus infection, the 
inirden or proof rests with the physician 
who woulfl not interpret such a syndrome 
as rheumatic fever. . . .” 

The ECG reports and follow-up empha- 
size the fact that the mildness of arthritic 
symptoms give no indication of proneness 
to cardiac involvement. Treatment should 
he guidcfl by our c.xperiencc that in 4.3 
patients who were kept at bed rest until 
serlimcntation rates were normal, 29 re- 
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mained in bed over 7 days., while in 
9 cases in which sedimentation rates were 
not done, only 1 was kept in bed over 
7 days. Cohn and Lingg^ (1943) have 
found tliat among patients first affected 
with rheumatic fever in adolescence, 40 % 
have polyarthritis alone. 

Ankle swelling as one of the initial 
symptoms, but not as the sole arthritic 
symptoni of classical rheumatic fever was 
noted in 75 % of the cases in the outbreak 
reported by Wheeler and Ingraham^* 
(1945). They noted knee involvement 
in 80%, arthritis of other joints less fre- 
quently. Localization to this joint alone 
in our series may result from peculiar 
conditions leading to the ankle strain in 
our recruits. Coast Guard trainees in 
their first few weeks undergo considerable 
strain which the orthopedist noted mainly 
in involvement of the plantar fascia and 
joints below the ankle. Trainees are on 
their feet 14 to 16 hours daily. They wear 
constrictive leggings of naval “boots.” 
Static and traumatic factors may evoke 
local visible clinical reactions which might 
otherwise remain subclinical. 

Experimentally, Vaubeb” found that 
intra-articular injection of horse serum, 
in a horse-sensitized rabbit, will cause 
arthritis of the injected joint and no reac- 
tion of other joints. However, exercise 
of a remote joint, under the same condi- 
tions will cause arthritis of this remote 
joint in addition. 


The curves of incidence by month are 
in keeping with the findings of others,'* 
that in any outbreak of hemolytic strepto- 
coccal infections, a subsequent outbreak 
of rheumatic fever may be expected. The 
peaks of rheumatic fever incidence are 
delayed several weeks after the peaks of 
respiratory illness. Mathematical correla- 
tion between incidence is rough, varying 
from one-half to twice the number of 
scarlet fever cases which are manifest in 
some, but not all, of these epidemics, and 
from one-tenth to one-twentieth of the 
number of cases of all respiratory illness. 
The ankle eases emphasize the fact that 
many mild and subclinical cases are repre- 
sented in each outbreak. The recent 
study of Bantz, Boisvert and Paul® calls 
attention to mild and subclinical aspects 
of the “post-streptococcic state.” 

Summary. 1. A mild form of rheumatic 
fever with symptoms of ankle arthritis of 
a few days duration is described in 52 
cases. A few had other mild signs subse- 
quently. 

2. These represent 54% of all cases in 
one rheumatic fever outbreak, and have 
been seen frequently at this Coast Guard 
station in past years. 

3. Local static and traumatic factors 
incident to recruit training may account 
for the high incidence of localization to 
ankles. 

4. The incidence of mild manifestations 
in this epidemic was higher than that of 
frank, easily recognizable rheumatic fever. 
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BLOOD PRESSURE STUDIES IN 100 CASES OF CORONARY OCCLUSION 
WITH MYOCARDIAL INFARCTION 

By Maj. Willu-m N. Chaiibers, M.C., A.U.S. 

NOW ASSISTANT IN ME0ICJNE, HITCHCOCK CLINIC AND itARY HITCHCOCK MEMORIAL HOSPITAL; TEACBISO 
FELLOM' IN MEDICINE, DAKTMOHTH MEDICAL SCHOOL 
HANOVER, NEW HAMPSHIRE 


Many obsen'ers have written on the 
course of the blood pressure following 
acute myocardial infarction, including 
Palmer, “ Gross and Engelberg,® and Mas- 
ter et A later report by Master 

ci al}'^ discusses tlie course of blood pres- 
sures before, during and after the attack. 

The present report is an attempt to 
evaluate tlie influence of blood pressure 
on the incidence, clinical course and prog- 
nosis of coronary occlusion. The height 
of the blood pressure before the attack 
is compared with that during and subse- 
quent to tJie acute episode. A similar 
.study is made of the systolic, diastolic 
and pulse pressure in the In-pcrtensive 
series. The influence of the changes and 
blood pressures on the subsequent symp- 
toms, recurrences and life e.\'pectancy is 
discussed. 

This study consists of detailed blood 
pressure observations on 100 cases of 
coronary occlusion witli m^'ocardiai in- 
farction at St. laike’s Hospital, New York 
City. Of these patients. So were stud- 
ied from 1 to 10 j'cars prior to the initial 
attack (a mean of 4 years), either on the 
wards or as out-patients. 

The criteria used for making tiie diag- 
nosis of tlie coronary occlusion with myo- 
cardial infarction were those enumerated 
by Shiliito d al.-}^ fever, tachycardia, 
leukocytosis, increased sedimentation rate, 
blood pressure changes and electrocardio- 
graphic clianges. A.s far as could be deter- 
mined, the observers were dealing in each 
case with the initial attack. "With the 
present study in view, each case was carc- 
hilly observ^; detailed clinical and labo- 
ratory evaluations %vcre made. Serial 
clcctrocardiognuns were taken until the 
infarct was thought to be healed. 

Blood pressure readings were taken 


daily on tliemajorityof cases until stabiliza- 
tion or deatJi. Following stabilization, 
tJie blood pressure readings were taken 
twice weekly and after discharge, at 
monthb" intervals as often as possible. 
Follow'tips from 1 to 4 years were made 
on 64 of the 66 survivors consisting of 
a brief history and physical e.xamina- 
tion, blood pressure readings and electro- 
cardiograms. 

The criteria used for the diagnosis of 
hypertension were s 3 'stolic pressure of 
150 mm. of mercury' or above and a 
diastolic pressure of 90 mm. or above. 
It has been conclusiveI.y demonstrated 
that the level of the blood pressure above 
140 min. s.vstolic and 90 dinstolic are 
abnormal at any age.'* 

Previous Hypertension. Of the So cases 
obscn'cd prior to the acute attack, hyper- 
tension was found in 74; H cases had 
normal blood pressures. There were 15 
cases in which tlie blood jircssnres were 
unknown before the attack. 

Of the 74 patients who had hyjiertension 
prior to the attack, 46 were of long stand- 
ing. Its duration was unknown in 23 cases. 
In 5 cases the development of lu'perten- 
sion was observed during tlie .vear preced- 
ing the attack. The coincidence of h.vper- 
tension and coronar.v occlusion have been 
reported between 30 and 75 
Hjqiertension has been found to be defi- 
nitcl.v higher in patients with this condi- 
tion than in the general population.’ In 
the present .scries, the incidence of h^'per- 
tension was 74 9f- 

Of the 34 patients who died of the acute 
episode, 24 (71 Sc) were known to have 
liad hj’pcrtcnsion prior to the attack. Tliis 
incidence of Inqiertcnsion in tlie fatal 
scries is rouglilj' equal to the incidence of 
In-pertcnsion in the entire series: 71 Sc 
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for the fatal series; 74% for the entire 
series. This is in agreement with most 
writers who find no relation between 
hypertension and mortality rate.^'®-**’^^ 

There were 72 males and 28 females in 
this series. Hypertension was present in 
48 (66%) of the males and 28 (85%) of 
the females. Its incidence increased with 
age. 

Past History. Over half of the hyper- 
tensives gave a past history of angina, 
dyspnea, or decompensation. These symp- 
toms were more prevalent in those who 
survived the initial attack than those 
who succumbed. In general, their onset 
was more recent but of greater severity 
in the fatal group. There were 7 cases of 
diabetes mellitus in the fatal group and 
2 cases suggestive of cholecystitis. There 
were 3 cases of diabetes, 3 with symptoms 
of cholecystitis and 2 cases of polycythe- 
mia vera, in the non-fatal group. The 
majority of patients with normal blood 
pressure gave no past history of hyper- 
tension, angina, dyspnea or decompen- 
sation. 


the patients had hypertension. Of the 
known hypertensives, 39 (53 %) had blood 
pressures within hypertensi^'^e levels on 
admission (see Table 1). 

In the fatal series, 18 (68 ^t) showed 
hypertensive levels at the initial readings; 
2 (9%) had tension within normal limits; 
6 (23 %) had hypotensive blood pressures. 

This is to be contrasted with the survival 
group in which 27 (46%) gave hyperten- 
sive readings, 23 (39%) were within nor- 
mal range and 9 (15%) showed hypoten- 
sive blood pressures. 

Thus, in the fatal series, over two-thirds 
of the cases showed an initial hypertension 
following the acute attack, while only one- 
fourth showed hypotension. In the sur- 
vival group, less than one-half had hyper- 
tension at the onset and less than one- 
sixth had hypotensive blood pressures. 

Initial Blood Pressure During Attack as 
Compared With Blood Pressure Before 
Attack. Of the entire group, 63 % showed 
an initial fall of blood pressure on admis- 
sion as compared with readings taken 
before the onset of the attack (Table 2); 


Table 1.— Acute Attack (85 Cases) Analyzed According to Initial Blood Pressure 

AND Survival 



Survived 

Died 

Total 

Initial blood pressure 

59 

26 

85 

B.P. 150/90 mm. or above 

27 46% 

18 68% 

45 53% 

100/60 to 145/85 mm. 

23 39% 

2 9% 

25 29% 

100/60 mm. or below 

. 9 15% 

6 23% 

15 18% 


Present Illness. In the hypertensive 
series, 24 (32%) died of the initial attack. 
On admission, 83% of these had symp- 
toms of marked severity. Of the 50 hyper- 
tensives who survived, approximately 50 % 
had symptoms of marked severity. 

The severity of tlie hospital course 
roughly paralleled tlie symptoms on ad- 
mission. The hj’pertensive fatal group 
had the stormiest course, while in tlie non- 
fatal hypertensive group, one-half had a 
stormy course and one-half had a course 
of mild to moderate severity. The major- 
ity of cases witli normal blood pressure 
had symptoms of only moderate sei'erity. 

Initial Blood Pressure Durwg the Attack. 
Trior to tlie onset of the attack, 74% of 


32% showed no change. There was an 
initial rise in blood pressure over the 
previous readings in 5% of the cases, all 
of which were hypertensives prior to the 
attack. Only 1 of this last group sur- 
vived. This phenomenon has been ob- 
served by otliers.®-'® It may occur with 
the onset when the infarction is asso- 
ciated with severe pain. 

Of tlie hypertensive fatal group, 20 
(76%) showed an initial fall in blood pres- 
sure, the fall in the majority of the cases 
remaining within hypertensive limits. In 
this group, 3 patients had a rise in blood 
pressure and 3 had no change. 

In tlie survival group, 58% showed a 
fall in blood pressure as compared with 
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previous readings, whereas 40% showed 
no initial change. A rise in blood pressure 
occurred in 1 case. 

Blood Pressure Stibscqucni io Afiacks. 
Although only 63% of the cases showed 
an initial fall in blood pressure, all cases 
showed a fall at sometime during the ill- 
ness (Table 3). Frequently, however, the 
fall remained within hj'pertensive limits. 
If this did not occur on the 1st day, it 
usually occurred on the 2nd or 3rd. There 
were 2 cases in which the blood pressure 
did not fall until the 4th and 7th days 
respectively, shortly before death. 


There was considerable variation in tlie 
response of blood pressures following the 
immediate or delayed fall (Table 4). Of 
those who succumbed to the attack, the 
largest percentage (67 %) showed no re- 
turn in blood pressure. The tension in 
these cases remained at lower levels than 
the initial reading until death. Of the 
fatal group, 17 % had an early return to 
hypertensive levels. In this latter group, 
the pressures had all returned to their 
former levels within 10 da3's of their falls, 
with the exception of I case, in which the 


Table 2. — Acute Attack (So Cases) — Isttial Blood Phessvbe as Compabed With 

, Previous Blood Pressure 


. . Survived Died Total 

Initial blood pressure 59 20 

B.P. rose 1 2% 3 12% 4 5% 

B.P. feU 34 58% 20 76% 54 63% 

B.P. unchanced .... 24 40% 3 12% 27 32% 


Table 3.— Change in Blood Pressure— H yPERTENsrvE Series (74 Cases) 


Acute attack Survived Died Total 

Initial fall (within 24 hours) . 14 58% 36 72% 50 CS% 

Delayed fall (within 7 days) . 7 29% 13 26% 20 27% 

Initial rise 3 13% 1 2% 4 5% 


Table 4.— Hypertensive Series (74 Cases)— Course or Blood Pres-sure Iollowino 

Initial Fall 


Course of btood pressure 

Early return to hypertensive levels (I week) 
Late return to hypertensive levels (4 months) 

No rise in B.P. 

Rise to normal levels 

Initial rise in B.P. 


StimH'crf 


DM 


To(«! 

10 

20% 

4 

1T% 

14 

19%. 

15 

30%, 

0 

0% 

15 

20%. 

0 

0%. 

JO 

67% 

16 

23% 

24 

48% 

I 

4% 

25 

34% 

I 

2% 

,3 

12% 

4 

4%. 


The fall in pressure following coronar.v 
occlusion has ahvaj’S been considered one 
of the primarj' signs. The fact that it did 
not alwa.vs fall immcdiatcl.v has been 
pointed out bv a number of observers. 
Shillito ri alP found that a fall in s.vstolic 
blood pressure usually occurred carl.v, al- 
though sometimes it was delayed for 
24 hours. This fall was not invariabl.v 
observed being absent occasionally when 
the infarct wa.s small and the degree of 
shock slight. Master rt alP found that 
the fall frequently w.as not great in 
tlie first 24 hours. The pressure fell to 
100 mm. or less in only 9% of their cases 
on the 1st day. Allen' noted tliat a week 
often elapsed before significant fail became 
e\ndent. 


blood pressure returned to normal but not 
to the previous h.vpcrtcnsivc level. 

In the 4 cases in which the blood pres- 
sure was initially elevated aiiove the pre- 
attack levels, the pressure rapidly fell to 
hj-potensive levels within the first 24 hours. 
In the 1 case that survived, the pressure 
fell to In'potcnsivo levels within tlie first 
24 hours, but then returned to normal 
rapidly and never reached its former hy- 
pertensive level. The 3 other cases had 
a rapid fall in their lon.^ions following tlie 
initial rise and death ensued witliin 4S 
hours. 

All ca.ccs in the survival group had a 
rise in blood pressure after the initial fall. 
Of these cases, 2.5 (50%) show«] a return 
to the original h^'pertensive levels, 10 
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(20%) returned within 1 week, whereas 
15 (30 %) returned within 4 months. By 
the end of the 2nd year, 58% of those 
followed had regained their original hyper- 
tension, while 42 % remained free of 
hypertension. 

Palmer^® found that more than one-half 
of the patients had developed hyperten- 
sion within 1 year after the attack. The 
number with hypertension then increased 
year by year until the incidence of hyper- 
tension reached 72 % which was the same 
as before the attack. In Master’s'^ series, 
hypertension returned in two-thirds of the 
cases. One-third of this series permanently 
lost hypertension. 


taken prior to the attack, a tabulation 
was made of the average changes in sys- 
tolic pressures, diastolic pressures and 
pulse pressures. 

In those who survived, the systolic 
blood pressures fell more than the dias- 
tolic. The systolic pressure fell on an 
average of 36 mm., whereas the diastolic 
pressure fell 24 mm. In contrast to this 
in the fatal group, the fall in both systolic 
and diastolic pressures were greater than 
the systolic. In this series, the average 
systolic drop was 48 mm.; the diastolic 
60 mm. 

In the survival group, the average pulse 
pressure was 60 mm. before the attack. 


Table 6. — Systolic Blood Pressure in Hypertensive Patients Prior to Acute Attack 


Systolic 
blood pressure 


Survived 


Died 

150 or over 

. . . . 43 

57% 

32 

43% 

160 or over . 

. . . . 25 

48% 

27 

52% 

175 or over . 

.... 10 

42% 

14 

58% 

185 or over . 

. ... 5 

25% 

15 

75% 

190 or over . 

. . . . 4 

22% 

14 

78% 

200 or over . 

.... 3 

21% 

11 

79% 

210 or over . 

.... 2 

14% 

12 

86% 

215 or over . 

. . . . 0 

0% 

9 

100% 


Table G.— Diastolic Blood Pressure in Hypertensive Patients Prior to Acute Attack 


Diastolic 

blood pressure Survived Died 


90 or over 

. 43 

57% 

32 

43% 

100 or over 

. 23 

44% 

29 

56% 

110 or over 

8 

29% 

20 

71% 

120 or over . 

2 

13% 

13 

87% 

130 or over . 

. 0 

0% 

6 

100% 


Systolic Blood Pressure Prior to the At- 
tack. A direct relationship existed between 
the height of the systolic blood pressures 
prior to the attack and the number of 
deaths. As the height of the systolic blood 
pressure increased above 150 mm., the 
fatalities increased (Table 5). 

Diastolic Blood Pressure Prior to the 
Attack. An increase in diastolic pressure 
above 90 mm. prior to tlie attack was 
associated Avith a similar rise in deatlis 
(Table 6). 

Average Changes in Systolic Blood Pres- 
sure, Diastolic Blood Pressure and Pulse 
Pressure. In tliose cases in which there 
was a fall in the blood pressure during 
the attack as compared with readings 


After tlie attack, it had decreased to 
49 mm., a fall of 11 mm. In the fatal 
series the pulse pressure prior to the 
attack was considerably greater, being 
77 mm. Following the attack, it fell to 
51 mm., a fall of 26 mm. Thus, the aver- 
age fall of pulse pressure Avas Avell over 
twice as great in the fatal group as it 
Avas in tlie survwal group. 

By this comparison, it is seen that the 
fall of both systolic and diastolic blood 
pressures was greater in the fatal group 
than in the surA'iA'^al group. In the fatal 
group, the fall in diastolic pressure was 
greater tlian tlie fall in systolic. The 
converse Avas true in the survi\'al group 
in which tlie systolic fall was the greatest. 
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The pulse pressures, both prior to and 
after the onset of the attack, were greater 
and decreased more in the fatal group 
than in the survival group. 

The greater falls in systolic, diastolic 
and pulse pressures in the h3T)ertensive 
fatal group were due to the higher average 
pressures prior to the attack. 

Symptoms 1 Year After the Attack. One 
year after the initial attack, 12 patients 
who had regained their original hyperten- 
sion were compared with 12 patients 
whose hj’pertension had never returned. 

The hypertensives whose blood pressure 
had not returned complained of a greater 
variety of symptoms including dyspnea, 
angina, fatigue and sj-ncope. Those 
whose hj'pertension had returned com- 
plained of fewer symptoms but these were 
of greater severity. In this latter group, 
there were 4 individuals with decompen- 
sation, while in tlie group which did not 
regain hypertension, there was only 1 case 
of decompensation. 

Electrocardiograms. No difference was 
found in the follow-up between tlie elec- 
trocardiograms taken on individuals with 
hypertension or those witli normal blood 
pressures with respect to changes due to 
myocardial infarctions. Reversion to nor- 
mal occurred in the same amount of time 
and in the same number of cases for those 
witli hypertension as to those with nor- 
mal blood pressures. 

Recurrences. All cases having recur- 
rences within 1 year of the initial attack 
liad been h.\’pertensive originally. Only 
50% of tlie patients in this series had 
hj'pertension at the time of the second 
attack. There was no difference in the 
survival rate between those who had re- 
currences witli normal blood pressures and 
those witli hj'pertension at the onset of 
the second attack. Decompensation was 
more frequent in those indin’duals whose 
hjTJcrtcnsion persisted. .411 of the recur- 
rence group showed residua bj- electro- 
cardiogram with tlie e,\:ccption of 1 case. 

The idea was formcrlj- e.xprcsscd that 
recurrences occurrcii with greater fre- 
quency in patients who rcgaincrl their 


hypertension after recovery from the 
first attack, than in those whose blood 
pressure remained normal. .411en,* and 
Palmer*^ regarded the prognosis as better 
in those who regained their hj’pertension. 
Gross and Engelberg,* and Master ct of.“ 
could find no effect of hj'pertension on the 
duration of life or frequency of heart fail- 
ure following the attack. In Bland and 
White’s® 10 j’ear follow-up, no striking 
effect of hj'pertension on the status during 
the first few j'ears following the attack 
was noted but tlie added burden on the 
heart over a period of years was sug- 
gested bj' tlie relativeij' few patients with 
hj'pertension who survived tlie 10 j'ear 
period. 

In this series, no correlation could be 
made between recurrences and earlj' return 
.(within 10 daj's of the attack) or delayed 
return (within 4 months of the attack) 
of blood pressure to hj'pertensive levels. 
An equal number of cases who did not 
regain hypertension had tlie recurrence 
as those whose hj'pertension did return. 
After tlie initial attack, an individual 
was just as likelj' to have a recur- 
rence wliethcr or not the blood pressure 
returned to its original hj'pertensive level. 

Summary. One hundrwl cases of coro- 
narj' occlusion were studied with reference 
to tlie effect of tlie attaefc on the blood 
pressure, and the influence of the resultant 
blood pressure on tlie incidence, clinical 
course and prognosis. 

Conclusions. 1. The incidence of ante- 
cedent hj'pertension is greater in indi%'id- 
uals having coronary occlusion than it Is 
in tlie general population (74% in this 
series). 

2. There is no relation between ante- 
cedent hj'pertension and the mortaiitj' 
rate in coron.arj' occlusion. The incidence 
of hj’pertension was 71 % in the fata! 
group and 7S% in tlie non-fatal group. 
However, in the hypertensive group, the 
raortalitj' was directlj' proportional to 
the degree of hj'pertension. 

3. Hj'pertension at tlie onset of tlic 
attack is a common finding (53% in this 
series) and occurs more frequently in the 
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fatal group (68%). Hypotension in the 
initial reading is a comparatively infre- 
quent finding (18% in this series). 

4. A fall in blood pressure usually oc- 
curs following coronary occlusion. The 
fall often remains within hypertensive 
limits. It may be immediate or delayed 
as long as 7 days after the attack. 

5. An early return of blood pressure to 
normal or pre-occlusional hypertensive 
levels is a good prognostic sign. The blood 


pressure usually does not return to its 
former levels in the fatal group. 

6. The number of survivors who regain 
their original hypertension increases with 
the time elapsed after occlusion; 58 % had 
regained their hypertension by the 2nd 
year. 

7. After recovery from the initial coro- 
nary occlusion, the height of the blood 
pressure has no effect on the frequency of 
recurrence or ultimate prognosis. 
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Nu.merous agents have been employed 
for tlie purpose of increasing blood flow 
to tlie peripheral vessels. The status of 
vasodilator drugs has been summarized by 
Sir Thomas Lewis,-® i. c., "There are no 
known substanpe^that can be safely used 
to produce arr Adequate and sufficiently 
persistent dilatation.' There is no known 
remedy of this kind so persistently potent 
as warming of tlie body, and this is simple, 
economical and safe.” Heat may be ap- 
plied e.vternall}’’ directly to the extremities, 
or remotely to abolish vasomotor con- 
striction by reflex vasodilatation.^ Inter- 
nal heating, i. c., increase in beat produc- 
tion, likewise has been used to increase 
peripheral blood flow, employing artificial 
fever or administration of foreign pro- 
teins such as typhoid vaccine^ or by 
means of thjToid extract to elei'ate the 
metabolic rate. Local heating of the 
affected parts, fever therapy, and thjToid 
extract have no place in the treatment of 
arteriosclerotic peripheral vascular dis- 
ease, and may produce undesirable effects. 
WTiile these measures increase peripheral 
blood flow, they increase the metabolism 
of the peripheral tissues as well, so that 
the net effect may be a decrease rather 
than increase in the efficiencj’' of the 
peripheral circulation. 

In the present investigation utilization 
has been made of specific djmamic action 


to increase heat production in the body. 
It is well known that following a protein 
meal a considerable and sustained increase 
in the metabolic rate occurs. A peak 
increase averaging 20% above the basal 
level is attained between the 3rd and 5th 
hour, and an appreciable elevation of 
metabolism is still present after 7 hours.* 
The specific dynamic action, of proteins 
is due almost entirely to a few amino acids, 
notably glycine (aminoacetic acid), ala- 
nine, phenylalanine and k^TOsine. The 
increase in heat production occurs chiefly 
in tlie liver. This is indicated by the 
absence of specific di'namic action after 
hepatectomy, by perfusion experiments, 
and by measurement of oxj’gen consump- 
tion of individual organs.®® 

A stud}' was carried out, extending pre- 
liminary observations,*® to determine to 
what degree the dissipation of this excess 
heat might be attended by changes in 
blood flow to the extremities. A linear 
correlation has been found to exist be- 
tween the metabolic rate and peripheral 
blood flow over a wide range of metabolic 
levels in subjects with hyperthyroidism®^ 
and m}'xedema.®® Significant increase in 
blood flow, both to upper and lower ex- 
tremities has been shown to occur follow- 
ing ingestion of a protein meal, accom- 
pan}Tng an increase in metabolic rate.® 
Twenty gm. of glycine dissolved in 200 


* Presented at the 19th Scientific Session of the American Heart Association, San Francisco, Cafif., 
June 29, 1946. 
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to 300 cc. of water or milk* were adminis- 
tered in 25 subjects in 26 experiments in' 
the basal state. Observations were made 
of oxygen consumption, skin temperature 
of toes, fingers and forehead, oscillometric 
pulsation in the calf and forearm, and 
quantitative blood flow as determined with 
the venous occlusion plethysmograph. 
Skin temperature was measured with the 
Leeds-Northrup potentiometer in the basal 
state and over a period of 4 hours follow- 
ing administration of glycine. Observa- 
tions on the skin temperature were made 
before determination of oxygen consump- 
tion, and under conditions of approxi- 


and a hand plethysmograph in 2 experi- 
ments. The findings are summarized in 
Tables 1 to 3. 

Oxygen Consum-ption. The average maxi- 
imal increase in oxygen consumption above 
the basal level in 18 cases studied was 
18.4%. There was considerable individual 
variation, which may have been due in 
part to differences in the rute of intestinal 
absorption of glycine. Four subjects, in- 
cluding ,a case of myxedema, failed to 
exhibit a significant rise in oxygen con- 
sumption-^ following ingestion of glycine. 
The maximal increase in oxygen consump- 
tion was 52 %. 


Table 1. — Average Changes in Oxygen Consumption and Skin Temperature 



Following Glycine (20 Gm.) 

Cases Normal -■ 

Peripheral 

vascular 


studied (18) 

subjects (11) 

disease (4) 


(%) 

(° C.) 

(° C.) 

Oxygen consumption 
Skin temperature: 

Toe . . 

. . . -1-18 4 

-f4 0 

+2.3 

Finger 


+2 8 , 

+2.2 

Forehead 


-4-1 7 

+0 8 


Table 2.— Comparison of $,fciN Temperature Chances Following Glycine, Posterior 

Tjbial Nerve Block anip^Alcohol , 

^ * Greases • 4 ca^es 





Glycine 

Nerve block 

Gb’cine- 

Alcohol 


r c.) 

C C.) 

(■“ C.) 

(“ C.) 

Toe 

..+57 

+4 5 

+3 8 

+ 1 2 

Finger 

. ♦ — 


+2 3 

-0 2 

Forehead 

. . . 


+2 4 

+ 1 2 


mately constant environmental tempera- 
ture (22° C.=tl.3°), with the extremities 
exposed for a period of 20 minutes before 
readings were made. Comparison was 
made with the effect on skin temperature 
of post-tibial nerve block in 6 cases and 
of 2 ounces of whiskey in 4- cases. The 
observations on nerve block and alcohol 
were carried out on,.different days than 
the glycine experiment. In 11 experi- 
ments on 10 subjects blood flow was deter- 
mined by means of tlie venous occlusion 
plethysmograph. A foot plethysmograph 
was employed in 9 of tliese experiments 


Skin Temperature. An increase in tem- 
perature of the toes occurred in all 11 cases 
with no impairment of peripheral circu- 
lation studied, and- in 3 of 4 cases with 
peripheral vascular disease. Only 1- sub- 
ject studied- failed to exhibit a rise in -tem- 
perature of the toes. In this case there 
was advanced bilateral peripheral vascu- 
lar disease with acute right poplite^^l occlu- 
sion. The temperature of the fingers 
similarly increased in 14 of 15 cases. 
Forehead temperature increased in 6 of 
9 cases tested. Excluding the 4 cases with 
peripheral vascular disease, the average 


* In the initial experiments glycine in water was employed. Due to the sickening sweet taste of 
glycine which caused nausea and vomiting in an appreciable number of cases, particularly on protracted 
use, various compositions emplojdng glycine with agents directed to overcome these distress provoking 
effects were tried. Mixtures of glycine and unsweetened cocoa, and also glycine and urea, -with flavor- 
ing agents, prepared and supplied through the courtesy of the Medical Research Di-vdsion of Sharp & 
Dohmc, Inc., were found to be very satisfactorj*. 
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rise in temperature at the toes was 4° C., 
at the fingers 2.8'’ C. and at the forehead 
1.7° C. Significant increase in the skin 
temperature occurred within 1 hour after 
ingestion of glycine with maximal rise be- 
tween the 2nd and 3rd hour. 

The effect of glycine w^as compared with 
posterior tibial nerve block in 6 cases. 
In these subjects the average increase in 
toe temperature was 5.7° C. with glycine 
and 4.5° C. following nerve block- Com- 
parison was made with the effect of alco- 
hol in 4 subjects. In all these the in- 
crease in temperature in the toes was sig- 
nificantly greater with glycine than after 
alcohol (2 ounces of whiskey in basal 
state). The average change in tempera- 


tively was 31.7° C., 33° C. and 33.1° C. 
These temperatures indicate the maximal 
vasodilatation. According to Montgom- 
ery ct al.p “In the normal subject when 
vasodilatation is complete the skin tem- 
perature of the digits will rise to a level 
between 31° and 34° C.” 

Osctllomciric Readings. The amplitude 
of oscillometric pulsation in the calf in- 
creased in 8 of 11 subjects with no periph- 
eral vascular disease. The average change 
for this group of 11 subjects was an in- 
crease in pulsation of 25%. No increase 
in oscillometric pulsation was observed in 
3 cases with peripheral vascular disease, 
although significant rises in skin tem- 
perature occurred in 2 of these subjects. 


Tabue 3.— CaANOEB IN Blood Flow (Venods Occlusion PLETHysMocRAPHY) and Oxtoek 
Consumption Following Ingestion op Glycine (20 Gm.) 

Blood flow 

(cc./mm./lOO ce. bmb volume) 


Case 

Basal 

flow 

Maximal 

flow 

following 

glycine 

% change 

Oij’geo consumption 

Basal Maximal 

% change 

1. J. R. D. . . 

2. R. G. . . 

. 3 32 
. 2 70 

4.84 

4 02 

-1-45 8 
4-48 9 

208 

270 

+27 4 


1 98 

3.26 

-f64 6 

233 

300 

+28 8 

3. E. M. . . 

. 1 15 

2 25 

+95 7 

200 

255 

+22 S 

4. F. S. . . . 

. 0 89 

1 39 

+66 2 

245 

260 

+ 61 

5. N. S. 

. 2 18 

1 64 

-29 4 

190 

200 

+ 63 

6. M, S. . . 

3 05 

3 53 

+ 15 7 

191 

210 

+ 10 0 

7. M. P. . . 

1.42 

2.74 

+93 0 

305 

300 

- 4 9 

8. L. G. . . 

3 48 

4 96 

+42 5 

212 

238 

+ 12 3 

9 B. S. . . 

3.02 

3.80 

+25 8 

208 

240 

+ 15 4 

10. H. S. 

4 14 

3 13 

-24 4 

285 

355 

+24 6 


ture at the toes was -j-3.8° C. with glycine, 
-}-1.2° C. with alcohol; at the fingers 
4-2.3° C. with glycine, —0.2° C. with 
alcohol; and at the forehead -{-2.4° C. with 
glycine and -f-1.2° C. with alcohol. The 
initial temperature of the forehead was 
higher than the extremities. Following 
glycine a definite trend toward equilibra- 
tion of temperature of the toes, fingers 
and forehead occurred. Thus, in 6 cases 
with no peripheral vascular disease, in 
whom the skin temperature changes at 
toes, fingers and forehead were recorded, 
the average initial temperature at the 
toes, fingers and forehead respectively was 
26.4° C., 28.8° C. and- 31.4° C. Follow- 
ing glycine the average maximal tempera- 
ture at toes, fingers and forehead respec- 


In the forearm an increase in amplitude 
of pulsation following glycine was noted 
in 6 of 11 subjects. The average increase 
in this group of 11 cases was 33%. 

Rlethysmograpkic Studies. Venous oc- 
clusion plethysmography was carried out 
in 5 experiments on 4 normal subjects, 
in 1 case of myxedema, and in 5 subjects 
with peripheral vascular disease (Table 3). 
The latter included 3 cases with arterio- 
sclerotic peripheral vascular disease, 1 case 
with thromboangiitis obliterans, and 1 case 
of scleroderma with the Raynaud syn- 
drome. Blood flow through the hand was 
studied in 1 of the normal subjects (Case 1) 
and in a subject with scleroderma (Case 9) ; 
in the remaining a boot foot plethysmo- 
graph was employed. The technique em- 
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ployed and method of caleulation of blood 
flow were as described by Abramson.^ 
Observations were made in the recumbent 
position, obviating the effect of gravity, 
with a constant temperature foot bath 
of 31° C. and an occlusion pressure of 
60 mm. Hg. A Brodie bellows and ink 
Avriting high speed kymograph recording 
system were used for recording; 12 to 15 
records were made in each period of 
observation and the results averaged in 
calculating blood flow. 

The control blood flow was determined 
in all subjects in the basal state following 
which 20 gm. of glycine, mixed with un- 
sweetened chocolate or urea to neutralize 
the sweet taste, were administered in a 
glass of milk. Observations were made 
at I hour periods to a maximum of 3 hours 
following ingestion of glycine. Although 
the specific dynamic action of glycine per- 
sists for 5 to 7 hours, it was not expedient 
to extend the experimental period beyond 
3 hours because of increasing discomfort 
that attends prolonged confinement in the 
plethysmographic apparatus. 

An increase in blood flow was observed 
in 8 of the 10 cases studied. Blood flow 
was not significantly affected until 1 hour 
following ingestion of the glycine, with 
maximal increase usually attained after 
14 to 3 hours. In 2 subjects (Cases 5 
and 10), a fall rather than rise in blood 
flow occurred. One of these (Case 5) 
was a subject with myxedema produced 
during thiouracil treatment of angina pec- 
toris. In this case the oxygen consump- 
tion failed to rise appreciably, indicating 
a lack of specific dynamic action. This 
may have been due to delayed intestinal 
absorption of glycine, for impairment of 
intestinal absorption is known to occur 
in mjTcedema. A decrease in blood flow 
occurred in 1 other subject (Case 10), 
who had previously undergone sjonpath- 
ectomy for Buerger’s disease. In this 
subject peripheral blood flow to the ex- 
tremity tested was already presumably 
at its maximal value. Dilatation of the 
remainder of the peripheral vascular bed 
with redistribution of the peripheral blood 


flow, attending a rise in oxygen consump- 
tion of 24.6 %, may have been responsible 
for a decrease in blood flow to the foot in 
this case. 

A quantitative parallelism between the 
changes in oxygen consumption and per- 
ipheral blood flow could not be demon- 
strated in these experiments. In 1 subject 
with arteriosclerotic peripheral vascular 
disease (Case 7) a marked increase in 
peripheral blood flow occurred without 
any rise in oxygen consumption. In this 
subject it is probable that the initial 
metabolic rate was not determined in a 
fully basal state since the initial oxygen 
consumption was unusually high. It is 
of interest that the claudication time of 
this subject was almost doubled following 
ingestion of glycine in dosage of 20 gm. 

Additional observation was made in 1 
subject with peripheral vascular disease 
(Case 6) of venous filling time on depen- 
dency after elevating the extremities. In 
the basal state the veins began to fill in 
the right foot at 10 seconds with full filling 
at 90 seconds, while in the left foot initial 
filling of the veins was noted at 55 seconds 
with full filling at 150 seconds. Three 
hours after glycine administration initial 
filling of the veins of both feet occurred 
immediately on dependency, with full 
filling at 15 seconds in the left foot and 
30 seconds in the right foot. 

Comment. Observations with the tech- 
niques employed, i. e., skin temperature, 
oscillometric readings and plethysmog- 
raphy indicate that effective peripheral 
vasodilatation can be accomplished by 
ingestion of glycine. The skin tempera- 
tures attained, fully equivalent to those 
resulting from nerve block, indicate maxi- 
mal vasodilatation. The vasodilating 
action of alcohol is not only less in dura- 
tion, but is less in degree than that pro- 
duced by glycine. Abramson and co- 
workers^ found whiskey, in doses of 60 
to SO cc. to have little or no effect on blood 
flow in the leg. Horton ci observed 
no change in the skin temperature of the 
feet following alcohol. With larger doses 
(4 to 6 ounces) Montgomery" found sig- 
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nificant increase in blood flow to the toes, 
but this dose is not practical as a thera- 
peutic procedure. 

Neither Abramson and co-workers,^ nor 
Montgomery-- in testing a wide variety 
of preparations recommended for periph- 
eral vascular disease, found any to be 
efficacious in increasing blood flow to the 
lower extremities. Intravenous hyper- 
tonic saline, which has been advocated as 
a therapeutic measure, was found by 


attributed to an increase in blood volume^* 
and decrease in blood ^^scosity.^^ Wil- 
helraj, Bollman and Mantf® observed that 
intravenous hypertonie saline significantly 
increases heat production equivalent to 
30 to 50 % of the specific dynamic action 
of glycine. Physiologic saline had no 
effect. The increased peripheral blood 
flow observed in certain cases with intra- 
venous hjqiertonic saline may be due to 
an increase in heat production in the body. 







Fig. 1. — Plethystnographic tracings following ingestion of glj'cine (20 gm.). R. G., normal subject; 
L. G., arteriosclerotic peripheral vascular disease; B. S., scleroderma with Raynaud syndrome. Time 
is indicated on abscissa in seconds. Ordinate indicates limb swelling (arterial inflow). Following 
application of venous occlusion after glycine, the rate of limb swelling (arterial inflow) is increased, as 
indicated by the steeper slope of the cur%'es. The individual pulse amplitude likewise is augmented. 


Abramson ci aL,‘^ and Friedlander and co- 
workers*® to augment blood flow to the 
lower extremities in an appreciable num- 
ber of cases. The duration of increased 
blood flow to the feet was found to out- 
last the period of injection in only 3 of 
14 cases and in these 3 subjects the in- 
creased flow to the feet persisted for an 
average period of 80 minutes.* The 
mechanism of action of hjqiertonic saline 
in increasing peripheral blood flow has 
not been explained. It has been variously 


similar to the mechanism of increased 
blood flow resulting from the specific 
dynamic action of glycine. 

Increase in peripheral blood flow can 
be accomplished not only through periph- 
eral vasodilatation, but by an increase in 
cardiac output. The increased blood flow 
observed with glycine is to be attributed 
in part to this factor. There is a linear 
relationship between the cardiac output 
and the metabolic rate.**'*® Ingestion of 
food causes a significant increase in the 
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cardiac output extending over several 
hours. Herrick et employing the 
thermostromuhr method in dogs, found, 
concurrent with a generalized increase in 
circulatory flow during digestion, an in- 
crease in blood flow in the femoral artery 
as high as double the basal value during 
the 3rd hour of digestion. The plethys- 
mographic tracings reproduced in Figure 1 
demonstrate not only a steeper slope of 
limb swelling on application of venous 
occlusion following ingestion of glycine, 
but also heightened amplitude of the indi- 
vidual pulse waves, indicative of aug- 
mented flow. 

Apart from the action of therapeutic 
agents such as glycine on peripheral blood 
flow, it is appropriate to consider possible 
effects on local tissue metabolism. The 
relation of glycine to muscle creatine 
metabolism has been the subject of exten- 
sive study, and several authors have re- 
ported favorable results with the em- 
ployment of glycine in muscular dystro- 
phies®'®'’^^ in simple muscular fatigue^® and 
in increasing the work capacity of normal 
individuals as determined by ergometric 
performance.® However, reports that 
feeding glycine increases the creatine con- 
tent of muscle tissue have not been regu- 
larly confirmed,® nor has its application 
in improving muscular performance met 
with general acceptance. It appears pos- 
sible that some of the therapeutic benefit 
claimed for glycine in muscular disorders 
may be due to increase in peripheral blood 
flow rather than a specific effect on crea- 
tine metabolism. 

Summary and Conclusions. The effect 
of ingestion of 20 gm. of glycine on 
peripheral blood flow was investigated in 
25 subjects; including 9 cases with periph- 
eral vascular disease, employing the tech- 
niques of skin temperature, oscillometry 
and venous occlusion plethysmography. 


A rise in surface temperature was ob- 
served in the 3 regions tested, i. e., toes, 
fingers and forehead. A significant in- 
crease in the temperature of the toes oc- 
curred in 11 normal subjects tested, and 
in 3 of 4 cases with peripheral vascular 
disease. The temperatures attained, fully 
equivalent to the effect of posterior tibial 
nerve block in 6 cases in which comparison 
was made, indicate maximal vasodilata- 
tion. The rise in temperature exceeded 
the effect of alcohol both in extent and 
duration in 4 cases in which comparison 
was made between the ingestion of glycine 
and 2 ounces of whiskey. 

Oscillometric pulsation in the calf in- 
creased in 8 of 11 normal subjects, but 
no appreciable increase was observed in 
3 cases with peripheral vascular disease. 

Blood flow to the extremities, as deter- 
mined by venous occlusion plethysmog- 
raphy, was increased in 8 of 10 subjects 
examined, including 4 of 5 cases with 
peripheral vascular disease. The average 
increase in blood flow was 62% in the 
normal subjects, 30.5 % in the cases with 
peripheral vascular disease. 

The increase in blood flow is an accom- 
paniment of increased heat production 
witli attendant peripheral vasodilatation 
and increased cardiac output resulting 
from the specific dynamic action of gly- 
cine. The average maximal increase in 
oxygen consumption above the basal level 
in 18 cases studied was 18.4%, the great- 
est individual rise 52%. The effect of 
glycine on oxygen consumption and on 
peripheral blood flow is manifest in 1 hour 
and is maximal after 2 to 3 hours. The 
specific dynamic action of glycine persists 
for a period of 5 to 7 hours. 

It is concluded that the ingestion of 
glycine provides a simple physiologic 
means to accomplish an effective and sus- 
tained increase in peripheral blood flow. 


The author is indedtcd to Doctor B. S. Oppenheimer for the loan of the plethy.smographs employed 
in this study. 
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AN EVALUATION OF IMMUNE SERUM GLOBULIN AS A PROPHYLACTIC 
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Capt. Joseph T. Nicholson, M.C., A.U.S. 

AND 

Lt. a. Edgar, M.C., A.U.S. 

(From the Thomas M. England General Hospital) 


Hepatitis resulting from the parenteral 
introduction of an icterogenic agent, 
presumably a virus, in blood, plasma or 
serum, has been a major problem in World 
War II. With the expanding use of 
pooled blood and plasma this problem 
has not been solved by the cessation of 
hostilities. This homologous serum hepat- 
itis is difficult, if not impossible, to differ- 
entiate clinically, from infectious (epi- 
demic) hepatitis. It has, however, a 
longer incubation period, approximately 
2 to 5 months, in contrast to approxi- 
mately 2 to 5 weeks in the case of infec- 
tious hepatitis. It is not highly infectious 
in the usual sense of the term, in that no 
conclusive evidence thus far has been ob- 
tained of the infectivity of nasopharyngeal 
secretions, urine or stools from such pa- 
tients, and secondary or contact cases 
have been rare. It is acquired, apparently, 
by the parenteral introduction of the etio- 
logic agent, whereas in infectious (epi- 
demic) hepatitis this appears to be a far 
less common mode of transmission. In 
contrast to serum hepatitis, infectious 
(epidemic) hepatitis is readily transmitted 
by fecal contamination and secondary or 
contact cases are not rare. Also, a lack 
of cross-immunity between 1 strain of 
serum hepatitis virus and 1 strain of 
infectious (epidemic) hepatitis \drus has 
been demonstrated.® 


The administration of gamma globulin 
has apparently established yet another 
difference. It is with this feature that the 
present study deals. 

In January 1945, Stokes and Neefe® 
reported favorable results from human 
immune serum globulin (gamma globulin) 
prophylactic therapy during an epidemic 
of infectious hepatitis in a summer camp 
for boys and girls. Of 331 persons, 53, 
who at the time showed no signs of the 
disease, were given gamma globulin intra- 
muscularly. An arbitrary dosage of 
0.15 cc. per pound of body weight was 
employed. The results, which were statis- 
tically significant, indicated that gamma 
globulin is capable of preventing or at- 
tenuating infectious (epidemic) hepatitis 
when administered to exposed persons 
during the incubation period of the disease. 

In a study carried out among troops in 
the Mediterranean Theater of Operations 
in the fall of 1944, and involving 2 epi- 
demics, Gellis, Stokes and others^** found 
gamma globulin in doses as small as 
0.06 cc. per pound of body weight to be 
effective in the prevention of infectious 
(epidemic) hepatitis. The signs and 
symptoms of the disease in all 3 epidemics 
were similar. 

Irrespective of possible etiologic differ- 
ences, gamma globulin was apparently of 


* This investigation was carried out in collaboration with the Commission on Measles and Mumps, 
Army Epidemiological Board, Preventive Medicine Service, Office of The Surgeon General, Washing- 
ton, D. C. 

t Director, Commission on Measles and Mumps, Army Epidemiological Board. 
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equal effectiveness in all 3 outbreaks of 
infectious hepatitis. 

In an outbreak of infectious hepatitis 
in a home for cliildren in New Haven, 
Havens and Paul"* gave prophylactic doses 
of O.OS cc. of gamma globulin per pound 
of body weight by intramuscular injec- 
tion. It was concluded that gamma globu- 
lin, when given during the incubation 
period, preferably earlier than 6 days 
before the onset of symptoms, was an 
effective prophylactic measure against in- 
fectious hepatitis. 

An increasing incidence of hepatitis, 
presumably of the homologous serum 
type, among battle-incurred casualties 
prompted an evaluation of gamma globu- 
lin as a prophylactic and attenuating 
agent against this disease. This study 
was begun at England General Hospital, 
on April 3, 1945. The subjects were 
battle casualty patients who had received 
blood or plasma or both at the time of 
injury. It was among these patients that 
practically all the cases of hepatitis were 
appearing. 

Method of Study. A team consisting of 
1 medical officer, 2 nurses, and a ward tech- 
nician, was organized to conduct the actual 
administration of the gamma globulin. The 
entire patient population of the hospital was 
surveyed and all those who were admitted 
prior to April 3, 1945, and were under treat- 
ment as battle casualties and had received 
transfusion of blood or plasma or both at 
the time of injury were selected. In order 
to detect early cases of the disease a speci- 
men of urine was obtained from each patient 
of this group, and subjected to both the 
methylene blue test and the Harrison spot 
test for bile pigment. Patients in whom 
these tests were negative were selected for 
the study. Patients who gave a history of 
having had jaundice, also those who devel- 
oped hepatitis within 10 days after receiving 
the gamma globulin, and those in whom 
more than 5 months had elapsed between the 
time the transfusion was given and the onset 
of hepatitis, were excluded from the series. 
Alternate patients were given a single dose 
of 10 cc. of gamma globulin, intramuscular^’', 
while the alternating patients, not so treated, 
were used as controls. 


1, REXUn, NICHOLSON, EDGAR: 

During the period between April 3 and 
May 28, 1945, immune serum gamma globu- 
lin (human) (Army Medical Supply Cata- 
logue Stock No. 1605500) manufactured by 
Firm A which obtained the plasma from 
inhabitants of the Far West and Northwest 
United States, was used. Following May 28, 
the study was continued using a product 
manufactured by Firm B, which obtained 
plasma from inhabitants of the eastern sec- 
tion of the United States. 

Results. There was a relatively low 
incidence of hepatitis in the treated group 
in contrast with the controls in the early 
stages of the study. The reason for this 
is not entirely clear, but it appears most 
probable, in the final analysis, that a lag 
in the appearance of the disease was pro- 
duced by the globulin therapy. That 
this retardation of the onset of the acute 
phase of the disease wms the only effect 
of the single doses of globulin is suggested 
by the similarity of the clinical features 
of the disease in the globulin-treated and 
in the control groups. 

An evaluation of the results up to and 
including Oct. 23, 1945, shows that of the 
2406 patients who received gamma globu- 
lin, 29 (1.2%) developed hepatitis. Of 
the control group of 2374 cases, 23 (0.9 %) 
developed hepatitis. 

With regard to the number of days 
betw’een the last transfusion of blood or 
plasma and the onset of hepatitis in our 
cases, a comparison of the data in Tables 1 
and 2 shows that in the group injected 
with gamma globulin (Table 1) the short- 
est period was 47 and the longest 147 days, 
the average being 103 days, whereas in 
the control series (Table 2) the shortest 
period was 43 and the longest was 133 days, 
the average being 87 days. In Case 16 
2 transfusions were given, one 114 days 
prior to onset of hepatitis and a second 
66 days prior to onset of the disease. 

With regard to the number of days 
between the injection of gamma globulin 
and the onset of hepatitis we find that in 
the treated group the period varied from 
15 to 113 days with a mean of 52 (Table 1) 
as compared with 11 and 95 days and a 
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Table 1. — Data on Globulin-Tbeated Patients Who Developed Hepatitis* 


Case 


No. days between 
onset of hepat- 
itis and last 
l)lood or plasma 
transfusion 


No. days between 
injection of 
gamma globulin 
and onset of 
hepatitis 


No. days of 
jaundice 


No. days for 
drop of jaundice 
from peak 


Highest 

icterus 

index 


1 . 




. 58 

16 

3 

3 

28 

2 . 




74 

21 

21 

Jaundice started 

on furlough 

3t 




47 

28 

3 

3 

6 

4 . 




74 

36 

19 

7 

27 

5 . 




. 108 

16 

72 

44 

115 

6 . 




. 126 

27 

19 

6 

26 

7 . 




. 103 

25 

40 

30 

46 

8 . 




. 23 

19 

70 

28 

33 

9 . 




. 114 

42 

55 

49 

52.6 

10 . 




. 123 

61 

21 

13 

31 

11 . 




. 106 

67 

38 

28 

36 

12 . 




. 120 

33 

28 

19 

24 

13 . 




. 105 

80 

16 

13 

37 

14 . 




. 131 

101 

23 

23 

41 

15 . 




. Ill 

96 

23 

17 

58 

16 . 




. 140 

66 

33 

22 

87 

17 . 




. 147 

112 

Still jaundiced 

, , 

87 

18 . 




. 87 

80 

22 

10 

41 

19 . 




. 89 

25 

28 

20 

65 

20 . 




. 81 

35 

21 

7 

26 

21t 




. 123 

64 

3 

3 

8 

22 . 




. 80 

68 

48 

13 

48 

23 . 




. 75 

60 

Still jaundiced 


64 

24 . 




. 89 

53 

34 

20 

48 

26 . 




. 142 

88 

30 

14 

43 

26 . 




. 95 

63 

18 

14 

31 

27 . 




. 90 

32 

31 

29 

26 

28 . 




. 145 

15 

Still jaundiced 


65 

29 . 



• • 

. 105 

113 

Still jaundiced 

•• 

48 





Av. 103 

Av. 52 

Av. 29 

Av. 17 

Av. 42 

The first 17 patients received gamma globulin prepared by Firm A, whereas the remaining 12 were 


given the product of Firm B. 

t These cases filled all the criteria of hepatitis without jaundice. 


Table 2 . — Cases of Hepatitis Appeabing in the Contbol Sebies 


Case 




No. days between 
last blood or plasma 
transfusion and 
onset of hepatitis 

No. days between 
date designated 
as control and 
onset of hepatitis 

No. days of 
jaundice 

No. days for 
drop of jaundice 
from peak 

Highest 

icterus 

index 

1 . 




. . 83 

11 

16 

6 

26 

2 . 




. . 85 

25 

26 

8 

16 

3 . 




. . 91 

20 

18 

12 

40 

4 . 




. . 68 

39 

13 

7 

61 

5 . 




. . 108 

35 

11 

10 

25 

6 . 




. . 61 

12 

43 

36 

74 

7 . 




. . 112 

44 

5 

Jaundice started 

on furlough 

8 . 




. . 94 

27 

35 

No data 

100 

9 . 




. . 87 

19 

50 

33 

31 

10 . 




. . 92 

34 

9 

6 

11 

11 . 




. . 72 

43 

13 

5 

15 

12 . 




. . 76 

44 

15 

13 

30 

13 . 




. . 87 

50 

8 

11 

11 

14 . 




. . 133 

55 

47 

42 

150 

15 . 




. . 117 

95 

12 

9 

25 

16 . 




. . 114 

94 

12 

8 

. 25 

17 . 




. . 43 

15 

23 

14 

20 

IS . 




. . 66 

16 

38 

28 

67 

19 . 




. . 63 

12 

37 

39 

13 

20 . 




. . 71 

30 



79 

21 . 




. . S3 

32 

27 

17 

45 

22 




. . 82 

13 

26 

13 

27 

23 . 




. . 56 

Av. 84 

20 

Av. 34 

4 

Av. 23 

Died 

Av. 17 

51 

Av.42 
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mean of 34 days elapsing between the 
date patients were designated as controls 
and the appearance of hepatitis in the un- 
treated group (Table 2). 

One patient of the control group died 
on the 4th day of illness. In view of the 
death occurring in the control series, no 
value can be attached to the figures con- 
cerning length and degree of jaundice. 

The therapy was identical for treated 
and control patients. The management 
of hepatitis will be the subject of a subse- 
quent publication. 

In addition to the data presented here 
it has been the impression at 3 large 
general hospitals in this Service Com- 
mand (New York, New Jersey and Dela- 
ware) that the practice of giving a single 
injection of 10 cc. of gamma globulin to 
battle casualty patients, begun on June 12, 
1945, has not been effective in reducing 
the incidence of serum hepatitis resulting 
from the parenteral injection of whole 
blood, serum or plasma. 

In contrast to the previous findings of 
Grossman, Stewart and Stokes* concern- 
ing the use of gamma globulin at the 
MeCIoskey General Hospital in the pre- 
vention of homologous serum hepatitis, 
the incidence of hepatitis in the 2 groups 
reported here was not significantly differ- 
ent. The only discernible difference be- 
tween the method of study and the cases 
selected in the 2 hospitals was the injection 
of 2 doses of gamma globulin (10 cc.) at 
an interval of 1 month at the MeCIoskey 
General Hospital as opposed to a single 
dose of gamma globulin (10 cc.) at the 
England General Hospital. The lower 
incidence of hepatitis in the injected group, 
as compared to the control group during 
the earlier part of the study at the England 
General Hospital at first suggested that 
the final results would be similar to those 
at the MeCIoskey General Hospital . That 
sudi was not the case, when the final 
results were tabulated, indicated that a 
considerable lag had occurred in the onset 
of hepatitis in the injected group. This 
lag is demonstrated by the fact that the 
average number of days from the injec- 


>, EEXER, NICHOLSON, EDGAR: 

tion of globulin to the onset of hepatitis 
was 52 days; whereas in the control group 
the onset of hepatitis averaged only 34 
days from the time they were designated 
as controls. The significance of this 
difference is also confirmed by the fact 
that the average intervals between the 
time the 2 groups received blood or 
plasma as battle casualties and the time 
they were injected with globulin or 
designated as controls were almost 
identical. 

From statistical calculation there is 
approximatel 3 '- 1 chance in 400 that the 
lag, apparently resulting from the globu- 
lin injection, is not significant. In view 
of the significance of delay in the onset 
of hepatitis, apparently due to the injected 
globulin, the possibility is also apparent 
that an additional injection of globulin, 
as carried out at the MeCIoskey General 
Hospital might have actually prevented 
the occurrence of hepatitis in a certain 
number of the injected group at the 
England General Hospital even though the 
single dose failed to alleviate the course 
of the disease 

Another difference between the studies 
at the two General Hospitals is the strik- 
ingly higher total incidence of hepatitis at 
the MeCIoskey General Hospital. Because 
such hospitals differ considerably in the 
D'pes of cases distributed to them, the 
incidence of hepatitis might vary con- 
siderably. Nevertheless, the high incidence 
of hepatitis at the MeCIoskey General 
Hospital, well above that recorded else- 
where, raises the possibility that both 
serum hepatitis and infectious (epidemic) 
hepatitis may have occurred simultan- 
eously at the time of the study. If this 
were true, the low incidence in the injected 
group at that hospital presumably w'ould 
have resulted from the demonstrated ef- 
fectiveness of the gamma globulin from 
the American Red Cross pools in prevent- 
ing infectious (epidemic) hepatitis. How- 
ever, an acceptance of this explanation for 
the difference in results of the two studies 
would require a further explanation of the 
absence of hepatitis from the control group 
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of casualties at the McCloskey General 
Hospital, which did not receive blood or 
plasma, since at this Hospital the occur- 
rence of hepatitis appeared to be associated 
almost exclusively with such transfusions. 

Considerable evidence is accumulating 
which indicates antigenic differences be- 
tween agents responsible for the two types 
of hepatitis. The possible differences in 
antibody content of the globulin used at 
the two hospitals must also be considered. 

Neutralization tests conducted by Gellis, 
Neefe, and Stokes, which are as yet incom- 
plete (to be reported), have yielded no 
satisfactory evidence to date of antibodies 
in the gamma globulin used against one 
agent of serum hepatitis. 

The present report, together with cer- 
tain additional data obtained in the same 
Service Command, suggested that a single 
injection of the gamma globulin used, 
although apparently delaying the onset, 
did not protect completely against homolo- 
gous serum hepatitis, in contrast to the 
previously demonstrated value of a single 
injection (10 cc.) of similar globulin in 
protecting against infectious (epidemic) 
hepatitis. From these studies, and those 
conducted at the McCloskey General Hos- 
pital, there is evident need for further 
investigation of the value of repeated doses 
of gamma globulin from pooled plasma in 
serum hepatitis. 


Summary and Conclusions. 1. A single 
dose of 10 cc. of immune serum gamma 
globulin, given intramuscularly to each of 
2406 battle casualty patients who had 
received transfusions of blood or plasma, 
or both; within the previous 6 months, 
failed to reduce the incidence of hepatitis, 
presumably of the homologous serum type. 
Twenty-nine (1.2%) of these patients de- 
veloped hepatitis in contrast to 23 (0.9 %) 
in 2374 similar patients used as controls. 

2. No difference was noted in the rela- 
tive lack of effect of immune serums col- 
lected in the Eastern United States, and 
that collected in the Far West and North 
West United States in preventing homolo- 
gous serum hepatitis. 

3. The administration of the single dose 
of 10 cc. of globulin apparently retarded 
the onset of the acute phase of hepatitis 
by an average period of 18 days, a delay 
which is statistically significant. 

4. The ineffectiveness of immune serum 
gamma globulin in a single intramuscular 
dose of 10 cc. for preventing homologous 
serum hepatitis presents another apparent 
difference between this disease and infec- 
tious (epidemic) hepatitis. 

Dr. Gaefield G. Duncan. 

Clinton St. Bldg, of the Penna. Hospital 
330 S. 9th Street, Phila, 
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HISTAMINE ANTAGONISTS 

IV. PyRron.-N'BENZ'ni-N'DnviETHyLETHTLENEDiAMiNE (Pyrebenzamine) in 
Symptomatic Treatment op Aeeergic Manifestations 

By S.u'tuia M. Feinberg, 

ASSOCUTH PnOFKSSOn OF MEDICINE, CHIEF OP Dn'ISlON OP ALLERGY 

AND 

Sidney Friedlaender, 

FELLOW IN JIEDICINE, NORTlIWESTEIlN UNIVERSITY MEDICAL SCHOOL; ASSOCIATE ATTENDING 
PHYSICIAN, COOK COUNTY HOSPITAL 
CHICAGO, ILLINOIS 

(From tlio Division of Allergj’, Department of Medicine, Northwestern University Medical School) 


The role of histamine liberation as at 
least a part of the mechanism of ana- 
phylactic shock, first suggested by Dale 
and Laidla^t'® in 1911, has had ample con- 
firmation in subsequent years-’ The sug- 
gestion by Lewis” that some allergic mani- 
festations may be due to a similar hista- 
mine release has led to partial supportive 
evidence for this concept. The attempt 
to alleviate the symptoms due to hista- 
mine intoxication in anaphylaxis and 
allergy by the administration of the anti- 
histamine enzyme, histaminase, has re- 
sulted in failure.” This has been due 
mainly to the fact that the prolonged 
incubation and close contact of histamin- 
ase and histamine required for the destruc- 
tion of the letter cannot be duplicated 
in vivo. 

In recent years considerable effort has 
been exerted in the attempt to develop 
synthetic chemical substances which would 
antagonize or annul the action of hista- 
mine, with the hope that they would dis- 
play also an antianaphylactic and anti- 
allergic action.^ Among others, substances 
used and found either insufficiently active 
or too toxic were the amino acids: argi- 
nine, histidine and cysteine.” French ex- 
perimenters demonstrated that certain 
synthetic compounds had such antihista- 
minic action. However, their &st com- 
pounds, thymoxyethyldiethylamine and 
N - phenjd - N - ethyl - N' - diethylethy- 
lenediamine,” were too toxic for both ani- 
mal and man. Later, analogues of these 


compounds (N'phenyl - N'benzyl - N - di- 
methylethylenediamine and N-p-methoxy- 
benzyl-N-dimethylaminoethyl a amino- 
pyridine), apparently possessing a high 
degree of antihistaminic, anti-anaphylactic 
and anti-aliergic efficiency,” were prepared. 

The present paper deals with the ac- 
tivity of a compound recently developed 
in tills country, based on a chemical 
modification of the previously mentioned 
French histamine antagonists. This sub- 
stance is PjTidil - Nffienzyl ~N- dimethyU 
ethylenediamine hydrochloride (Pyriben- 
zamine).* 

H \ H H /CH, 

N<^ - HCf 

/ H H ^CHj 

O" 

N 

According to Mayer and his associates” 
this drug has a high efficiency in the inhibi- 
tion of histamine and anaphylactic reac- 
tions. These claims have been confirmed 
by us in experiments with guinea pigs. 
The results of these experiments as well as 
other experimental data in man will be 
reported elsewhere. Here we wish to pre- 
sent primarily the therapeutic action of 
this drug in allergic conditions. 

Procedure. Most of the patients selected 
for this study were chronic cases, who had 
been under our observation for some time 
prior to this therapeutic trial. Their behav- 


* Supplied by tbe Ciba Pharmaceutical Products, Inc. 
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ior to the usual palliative measures as well 
as their reliability in interpreting symptoms 
were known to us. Single observations 
were not trusted. Only those patients in 
whom periodic administration of the drug 
alleviated the S3Tnptoms while discontinu- 
ance of the therapy resulted in a recurrence 
were considered as benefited. This scheme 
was followed even in the acute cases. The 
patient was asked to report frequently for 
observation, and his history as well as the 
physical findings were checked on each visit. 

The medication was given orally in 50 mg. 
tablets, preferably not on an empty stomach. 
Children tolerated 50 mg. doses well, while 
in infants 10 to 20 mg. doses were used. 
In most instances 4 doses ol 50 mg. were 
administered daily; in some it was found 
necessary to give the medication every 3 or 
4 hours. In others, 100 mg. doses 4 times 
daily were required. We were dissuaded 
from trying larger amounts by the impres- 
sion that they were not tolerated well. In 
several instances, such as in nocturnal nasal 
blocking or in the prevention of the scratch- 
ing in atopic dermatitis during sleep, only a 
bedtime dose of the drug was employed. 

Therapeutic Results. The results of 
the therapeutic trials are listed in Table 1. 
In all instances where benefit was ob- 
tained it was limited to symptomatic relief 
for several hours following each dose. In 
21 out of 27 cases of chronic urticaria 
and angioneurotic edema tlie drug was 
effective, relieving the itching and reduc- 
ing or abolishing the lesions as long as the 
medication was continued. Of 10 patients 
with acute urticaria, 8 obtained sympto- 
matic relief, but the medication did not 
affect the expected duration of the attack. 
In 14 patients with dermographism, p^ui- 
benzamine controlled the welting and 
itching, while in 2 cases it failed to have 
this effect. 

Pyribenzamine was given to 20 patients 
having atopic dermatitis and complaining 
of marked itching. Included in this group 
were infants, cliildren and young adults. 
The itcliing was decidedly relieved in 16 
of these patients, and not infrequently the 
subsidence of the scratching was reflected 
in improvement of the lesions. In some 
of this group only nightly doses were re- 
quired. Two out of 3 cases of unclassified 


dermatitis experienced relief from itching, 
while 2 patients with a barbiturate rash 
with great discomfort from itching were 
entirely relieved. Three patients with 
pruritus vulvae of several years duration 
Were maintained symptom-free over a 
period of 3 months. 

Six instances of severe allergic reactions 
to penicillin, administered orally or par- 
enterally, are included in this series. The 
manifestations resembled serum sickness 
and consisted primarily of urticaria and 
angioneurotic edema, pain and swellings 
of joints and fever. The skin manifesta- 
tions were benefited by the use of pjTi- 
benzamine, although the joint symptoms 
Were more resistant to therapy. In each 
case the symptoms returned when the 
drug was discontinued, and the course 
and duration of the disease were of the 
usual character. 

Ninety-five patients with typical histor- 
ies and findings of allergic rhinitis were 
treated with this medication. In 57 there 
resulted undoubted improvement; in 38 
there was no benefit that could be attrib- 
uted to the drug. Out of 254 patients 
with seasonal hayfever, 210 were sympto- 
matically improved. Out of a total of 70 
patients with clironic asthma, 24 showed 
improvement; the degree of relief, how- 
ever, was not as marked as is usually 
obtained with ephedrine or epinephrine. 

Three patients with frequently recur- 
ring headaches of unidentified (but pos- 
sibly allergic) etiology were treated with 
pjTibenzamine. One had repeated relief 
whenever the drug was administered. A 
patient with gastro-intestinal symptoms, 
probably of allergic origin, failed to ob- 
tain benefit from this drug, while another 
patient with distinct gastro-intestinal al- 
lergy was benefited. Our therapeutic 
results in most of the allergic manifesta- 
tions are comparable to tliose obtained by 
Arbesman and his associates.^ 

Side RcacfioJis. The undesirable symp- 
toms from the use of 50 to 100 mg. doses 
of p^Tibenzamine were rarely of sufficient 
severity to interfere with its use. Perhaps 
the most frequent symptoms could be 
attributed to sedation or to cerebral stimu- 



60 


FEINBBRG, FKIEDLAENDEU: HISTAMINE ANTAGONISTS 


iation, and consisted of slight drowsiness, 
vertigo, trembling, nervousness or faint- 
ness. Such reactions occurred in about 
25 % of a total of over 300 persons to whom 
this drug was administered. Insomnia 
was noted in several, dryness of the mouth 
or nose in a few, and headache in 4. Sev- 
eral mentioned gastric discomfort, usually 
of a mild character. Ihvo patients com- 
plained of burning on urination, 2 of 
diarrhea and 2 of tightness in the chest. 

Thus far no serious to.xic effects have 
been observed in any case in which the 


of urticaria and angioneurotic edema and 
in itching of atopic dermatitis and other 
dermatoses. 

2. About 59 % of patients with chronic 
allergic rhinitis and 82% of seasonal 
hay fever have obtained symptomatic 
relief of their rhinitis, sneezing or nasal 
blocking. Twenty-four out of 70 pa- 
tients with asthma obtained moderate 
relief. The drug is also of value in the 
serum-sickness type of allergic reaction. 

3. The toxic effects of tliis drug are 
ratlier mild, but fairly frequent, consisting 


Table 1. — THEiiAPEtmc Effects op Pi-ribenzamixe 


Urticaria, chronic 
Urticaria, acute .... 
Atopic dermatitis 
Dermographism ... 
Dermatitis, unclassified 
Penicillin reactions 
Sulfonamide reactions 
Barbiturate dermatitis . 
Pruritus vulvas .... 
Chronic allergic rhinitis . . 

Seasonal hayfever . . . 

Asthma 

Chronic headache 
Gastro-intestinal allergy 

drug has been used for a period of weeks. 
Nevertheless, blood studies and other 
clinical observations will need to be con- 
tinued for a long period before the ques- 
tion of chronic toxicity can be fully 
evaluated. 

Summary. 1. A new antihistaminic 
substance, pyridil - n’benzyl - n - dimethyl- 
ethylene-diamine hydrochloride (pyriben- 
zamine), is capable of producing sympto- 
matic relief in a high percentage of cases 


Cases Treated 

Improved 

Uninproved 

. . 27 

21 

6 

. . 10 

8 

2 

. . 20 

16 

4 

. . 16 

14 

2 

. . .3 

2 

1 

. . 6 

6 

0 

. . 2 

2 

0 

2 

2 

0 

. . 3 

3 

0 

. . 85 

SO 

35 

. . 254 

■ 210 

44 

. . 70 

24 

46 

. . 3 

1 

2 

2 

1 

I 


primarily of drowsiness, dizziness, ner- 
vousness, insomnia, gastric irritation and 
dryness of the nose and mouth. 

4. Fyribenzamine and similar drugs at 
best can only be palliative. They do not 
cure the allergic condition. There still 
remains the necessity for tlie specific man- 
agement of the allergic patient by avoid- 
ance of exposure to the antigen or by 
increasing the tolerance to the latter by 
specific means. 
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THE PATHOLOGY OF EXPERIMENTAL FROSTBITE*! 

By Maj, Nathan B. Friedman, M.C., A.U.S. 
Kurt Lange, M.D. 

AND 

David Weiner, M.D. 

■WASHINGTON, DISTRICT OP COLUMBIA 


(From the Army Institute of Pathology, Washington, D. C., and the Department of Medicine 
of the New York Medical College, Metropolitan Hospital Research Unit) 


This study is an attempt to correlate 
the morphologic aspects of the reactions 
of tissues to cold with modern physiologic 
concepts of the effects of low temperatures. 
Several interpretations of the pathogenesis 
of frostbite and trench foot have been ad- 
vanced, but recent anatomic investiga- 
tions'-^ have shown that the fundamental 
lesions are vascular. Since it has been 
demonstrated® that heparin prevents the 
development of gangrene after exposure 
to cold, an observation which supports 
the view that thrombosis is important in 
the pathogenesis of the lesions, it seemed 
worthwhile to compare histologically the 
tissues of animals which had received 
heparin and were subjected to freezing 
with those of animals similarly exposed 
without receiving the drug. 

Methods. The 40 rabbits employed 
weighed between 2200 and 3200 gm. Each 
animal was anesthetized "ndth sodium pento- 
thal, and 1 hind leg, which had been clipped, 
depilated •ndth barium sulfide cream and 
covered by a rubber condom, was immersed 
up to the knee in 95% eth 3 d alcohol for 
30 minutes. The alcohol had been chilled 
bj-^ solid carbon dioxide and was kept at a 
temperature of —30° C. b}" immersion of 
the container in the same material. After 
exposure the leg was cleaned in an aqueous 
solution of merthiolate and kept covered 
by drj' sterile dressings during the 2 days 
following; sulfathiazole cream or dressings 
soaked in penicillin were applied subse- 
quentl}'. 


Half of the animals received heparin; 
50 mg. of the drug was given intravenously 
inunediately after exposure, and the dose 
was repeated every 12 hours for 6 daj'^s. 
The clotting time of the blood was esti- 
mated by the Lee- White method every day 
inamediately before the injection of heparin. 
In most instances it was prolonged to at 
least 30 minutes. Rabbits which received 
heparin but were not exposed to cold served 
as controls. 

Representative animals were killed by the 
intravenous administration of 4 cc. of sodium 
pentothal 2, 3, 6, 7 and 9 days after freezing, 
and the exposed legs were fixed in a solution 
of formaldehyde. Blocks were embedded in 
paraffin, and sections, cut at 7 microns, were 
stained vdth hematoxylin and eosin; and 
W’’eigert’s fibrin stain, the Brown and Brenn 
stain for bacteria and the Giemsa stain were 
also emploj’^ed. Frozen sections were stained 
for fat ■with Oil Red 0. The posterior tibial 
nerve and its plantar branches were dis- 
sected out as far as the bases of the toes. 
Frozen sections of nerve were stained for 
fat and for mj-^elin (Spielmej'er method). 
The Bodian method was used to demonstrate 
axis cjdinders in paraffin sections of nerve. 

Physiologic Observations. The legs re- 
mained cold and white for 30 to 60 minutes 
after removal from the alcohol and then 
became red, hot and edematous; redness 
persisted for about 2 da.vs and swelling for 
4 or 5 daj's. Vesicles appeared on the toe 
pads, and the fluid in the blisters later 
coagulated. Some animals had subcuta- 
neous hemorrhages, particularl\' those 


* Part of this -n-ork -jras carried out under contract between tlio New York Medical Collcpe and 
the OfRco of Scientific Rcse.arch and Development and later the Offioe of the Surpecn-Goner.al of the 
Army. 

t Re.-jd before the .American Society for Experimental Patholopj- at the mectinp of the Federation 
of American Societies for Experimental Biolopy. Atlantic City, N. J., March 13. IfMO. (.■Mxetr., Fed. 
Proo., 5. 220, 1946). 
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which had not received heparin; a few 
small ulcers appeared at sites traumatized 
by clipping. 

The exposed legs of all untreated rab- 
bits began to show necrosis 4 days after 
exposure, and gangrene was complete 
within 10 days (Figs. 1 and 2). No rabbit 
which had received heparin and eonsis- 
tently shown a clotting time of 30 minutes 
or longer gave evidence of gangrene (67 % 
of the treated animals) (Figs. 2 and 3), 
although the legs remained edematous and 
pink for about a week after exposure. 
The clotting time for 33% of the treated 
animals was occasionally less than 30 min- 
utes; gangrene developed in the legs of 
about half of this group (14% of the 
treated animals). 

All of the animals gave evidence of 
motor paralysis and sensory disturbance 
immediately after exposure. The dam- 
aged legs dragged, and the reaction to pin- 
prick was abnormally slow or absent. 
The rabbits which had received heparin 
showed these abnormalities for 3 or 
4 weeks; those which had not been treated 
exhibited them until gangrene compli- 
cated the picture. 

The results of special studies of the 
capillaries will be reported in detail else- 
where,^ but the observations can be sum- 
marized as follows: As the tissues were 
cooled, the vessels dilated and the flow 
of blood became rapid. The blood flow 
became sluggish when the freezing point 
was neared, and clumping of the red cells 
occurred although there was no loss of 
plasma from the vessels and capillary per- 
meability to fluorescein was not increased. 
^^^len the temperature of the tissues was 
lowest, vascular contraction caused cessa- 
tion of blood flow. After thawing of the 
tissues, relaxation of the vessels and re- 
establishment of blood flow, capillary per- 
meability to fluorescein was increased. 

Morphologic Observations. Untreated 
Rabbits. Two days after exposure, ne- 
crosis was evident in the legs of the 
animals which did not receive heparin, 
and the zones of gangrene were sharply 
demarcated after 6 days (Fig. 4). The 


necrotic areas were bordered by regions 
of diffuse cellulitis and were sometimes 
delimited by an inflammatory wall. Gram 
positive cocci were present in both deep 
and superficial tissues. Granular precipi- 
tated protein material, occasional strands 
of fibrin and moderate numbers of red cells 
and leukocytes were scattered throughout 
the diffusely edematous tissues, even at a 
considerable distance from necrotic areas. 

The skin showed vesiculation (Fig. 5), 
hemorrhagic necrosis and hemorrhage and 
cellular infiltration about the appendages. 
No degeneration of muscle was seen 2 days 
after exposure, although the fibrous septa 
were edematous and contained necrotic 
leukocytes. After 6 days typical circum- 
scribed infarcts were noted in the muscle 
(Fig. 4), and necrotic plugged vessels could 
be discerned amidst the dead fibers. Pro- 
ductive inflammatory reactions involved 
the synovial surfaces. No alteration was 
observed in fat 2 days after exposure, 
but little adipose tissue was present in 
the injured portions of the legs; after 
6 days necrosis of fat and lipogranuloma- 
tous reactions were seen. Proliferation of 
fixed mesenchymal elements and fibrosis 
were evident. 

Throughout the tissues vascular changes 
were observed. All the small vessels were 
dilated, rounded and packed with erythro- 
cytes (Fig. 6). The vascular channels 
were so prominent that the tissues looked 
as if they had been injected for purposes 
of demonstration (Fig. 7). The individual 
red cells within the clumps could be dis- 
cerned as separate elements 2 days after 
exposure. A few small hyaline masses, 
composed of platelets and a little fibrin, 
were present in the lumens of occasional 
vessels, and similar material was plastered 
along the lining of others (Fig. 8). The 
vascular walls had a hyalinized homogen- 
ized appearance but did not exhibit true 
fibrinoid necrosis. Red cells had entered 
the walls and adventitial sheaths, and 
sometimes the extravasated erythrocytes 
formed columns between the elastic lamel- 
]jE (Fig. 9). A few perivascular collections 
of inflammatory cells were noted. Frag- 




Plate 1 


Fig. 1. — Gangrene of leg of rabbit not treated ■with heparin, 6 days after exposure to freezing. 

Fig. 2.— Gangrenous leg of untreated rabbit (right) and normal leg of rabbit treated with heparin 
(loft), 10 days after exposure of both animals. 

Fig. 3. — Normal leg of rabbit treated with heparin, 6 days after exposure. 

Fig. 4.— Necrosis of skin and subcutaneous tissue and infarction of muscle. (Untreated rabbit; 
0 days after exposure.) Hematoxj'lin and eosin stain. X 10. ’ 

Fig. 5.— Epidermal vesicle. (Treated rabbit; 2 days after exposure.) Hematoxylin and eosin stain 
X ICO. 







PlM-TB 2 


Fig. 6. — Small vessels packed with red cells. (Untreated rabbit; 2 days after exposure.) Hema- 
toxylin and eosin stain. X 315. 

Fig. 7. — Dilatation and engorgement of subcutaneous vascular plexus and edema and cellular infil- 
tration of connective tissues. (Untreated rabbit; 6 days after exposure.) Hematoxylin and eosin stain. 
X 210. 

Fig. 8. — Agglutinated mass of red cells and parietal layer of hyaline material in vessel. (Untreated 
rabbit; 6 days after exposure.) Hematoxylin and eosin stain. X 210. 

Fig. 9. — (Columns of erythrocytes penetrating wall of vessel. (Untreated rabbit; 1 hour after expos- 
ure.) Hematoxylin and eosin stain. X 550. 

Fig. 10. — Mural angiitis, migrating leukocytes and cellular dfibris. (Untreated rabbit; 2 days after 
exposure.) Hematoxjdin and eosin stain. X 450. 

Fig. 11. — Thrombus in vessel. (Untreated rabbit; 6 days after exposure.) Hematoxylin and eosin 
stain. X 450. 

Fig. 12. — Thrombus in vessel and cellular infiltration of vessel walls and edematous connective tissue. 
(Untreated rabbit; 6 days after exposure.) Hematoxylin and eosin stain. X 130. 
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Plate 3 


(Untreated rabbit; 6 days after exposure.) 
(Untreated rabbit; 6 days after 


Fig. 13.— Fused clump of red cells undergoing hemolysis. 

Homatoxylm and eosin stain. X 210. 

Fig. 14. — Fibrinous thrombus in vessel near area of gangrene, 
exposure.) Phosphotungstic acid hematoxylin stain. X 185. 

Fig. 15. — Necrotic distorted axis cylinders in nerve trunk. (Untreated rabbit; 6 days after exposure.) 
lliclschov skj' stain. X 450. 

Fig. 16. — Degeneration of myelin sheaths. (Untreated rabbit; 6 days after exposure.) Spielmeyer 
stain. X 450. 

Fig. 17.— Normal vessels and normal separation of cells and plasma. (Rabbit treated with heparin; 
7 daj's after exposure.) Hematoxylin and eosin stain. X 60. 

Fig. is.— N ormal vessels and surrounding hemorrhage. (Treated rabbit; 2 days after exposure.) 
Honiatoxj-lin and eosin stain. X 50. 

^Ot,. 213, so. 1 — JAM3ART, 1947 
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mented mural elements and infiltrating 
leukocytes were seen in tlie walls of some 
vessels (Fig. 10). 

Six days after exposure the intraluminal 
plugs and the parietal layers of hyaline 
material were prominent (Figs. 11 and 12). 
The vessels were still jammed with* red 
cells, but in some places the clumps had 
fused so that individual erytlirocj'tes were 
no longer discernible. Some homogenized 
masses of red cells (Fig. 13) had a greenish 
discoloration, which probably resulted 
from breakdown of hemoglobin. Diffuse 
staining by hemolyzed blood was also 
noted in gangrenous areas. In regions of 
necrosis plugged arteries and veins could 
be seen; these channels and those at the 
edges of the gangrenous zones contained 
more fibrin (Fig. 14) than vessels else- 
where. Even in viable tissues the vascu- 
lar walls were more necrotic and inflamed 
than they had been 2 days after exposure. 

Neural changes were observed in areas 
of edema, hemorrhage, necrosis and cellu- 
litis; intrinsic changes were not noted in 
the nerves in other regions. The edema- 
tous perineural tissues contained inflam- 
matory cells. The capillaries supplying 
the nerves were sometimes dilated and 
packed tightly with red cells (described 
as “plugs of agglutinated corpuscles” by 
Denny-Brown®). Disintegration of myelin 
sheaths (Fig. 16) preceded breakup of the 
axis cylinders. The myelin became granu- 
lar and broke into clumps, but, surpris- 
ingly, no neutral fat or phagocytes were 
noticed. The segmented nerve fibers lay 
in twisted coils (Pig. 15). In some places 
the entire nerve trunk was necrotic. 

Treated Rabbits. An occasional ulcer 
or small area of necrosis was encountered 
in tissues from the treated rabbits, but 
for the most part only edema, hemorrhage 
(Fig. IS) and slight cellular infiltration 
were noted. The legs of the few treated 
animals which e.xhibited gangrene were 
not examined microscopically. There 
was pronounced fibrosis in a region of 
inflammation in 1 specimen. In the tissues 
of animals killed 6 days after exposure 
the perivascular and perineural fixed mes- 


enchymal elements showed activation and 
proliferation; cellular proliferation, edema 
and hemorrhage were also seen in the tis- 
sues of rabbits which had received heparin 
but had not been exposed to cold. 

The epidermis showed focal vesiculation 
and cleavage at the basal layer; in 1 necro- 
tic crust bacteria were visible. There was 
a suggestion of hyaline change in some 
muscle fibers 2 days after exposure, but 
after 6 days the muscle was entirely nor- 
mal. Mucinous change was noted in the 
adipose tissue, , and adjacent to some 
nerves were patches of fat necrosis. 

The vessels and their contents appeared 
normal (Figs. 17 and 18) except within 
the rare foci of necrosis; there, as in the 
tissues of the rabbits ivhicli had not 
received heparin, erythrocytic plugs were 
present in dilated vessels. There was no 
hyperemia, and little fibrin was encoun- 
tered in the vessels and the interstitial 
tissues. 

Most of the nerves were normal, but 
some showed hemorrhage and leukocytic 
infiltration, and there w'as an occasional 
perineural inflammatorj' reaction. Degen- 
eration of myelin or axis cylinders was not 
noted. 

Comment. The legs of rabbits which 
have been subjected to freezing initially 
show vasoconstriction; after thawing there 
are characteristic vascular engorgement 
and conglutination of red cells. Agglu- 
tinative thrombi, poor in fibrin, form and 
ischemic gangrene folloivs. Our observa- 
tions confirm those of Essex and Quin- 
tanilla,® w'ho found that heparin did not 
prevent the early clumping of red cells 
w'ithin the vessels. Heparin apparently 
does prevent^ the development of true 
agglutinative thrombi from the clumped 
erythrocytes by interfering in some wmy 
with the adhesiveness of the packed red 
cells, and consequently vascular lesions 
do not appear and gangrene does not en- 
sue. Whether the conglutination bears a 
relation to cold hemagglutinins^ has not 
been worked out. This phenomenon may 
be compared w'ith the clumping which has 
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lieen observed in malarial blood and with 
the “sludging” which has been described 
in traumatic shock.® 

No changes in nerve or muscle attribut- 
able to cold directly, such as those de- 
scribed by Blackwood and Russell,® were 
noted. In the tissues of the untreated 
rabbits degeneration of myelin sheaths 
and axis cylinders and unequivocal hya- 
line alteration of muscle fibers were pres- 
ent only where there was obvious damage 
from ischemia. The treated animals 
showed no significant abnormalities of 
neural or muscular tissues. It is not clear 
why changes similar, to those produced 
by Denny-Brown and co-workers® by 


freezing and cooling the exposed sciatic 
nerves of cats were not encountered. It 
is possible that artificially isolated nerves 
react differently than do nerves occupying 
their normal positions. The suggestion 
that cold has a direct specific action on 
myelin and fat, first suggested by one of 
the writers,^ is further discussed in the 
paper by the Denny-Brown group. 

Summary. The fundamental lesions of 
frostbite experimentally produced in rab- 
bits are vascular. The formation of ag- 
glutinative erythrocytic tlirombi leads to 
vascular occlusion and ischemic gangrene. 
Heparin prevents the development of both 
thrombosis and gangrene. 
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USE OF POSTERIOR PITUITARY EXTRACT (PITUITRIN) TO MEASURE 

RENAL FUNCTION 

By S. F. Horne, M.D. 

AND 

Leslie M. Morris, M.D. 

mxsz\jx~SAi:.Eii, xorts Carolina 

(From the Department of Medicine, Bowman Gray School of Medicine of Wake Forest Ck>llege, and 
the North Carolina Baptist and Forsyth County Hospitals) 


Although numerous renal function 
tests have been described, there is still 
a great need for a simple and dependable 
test which is adaptable to office practice 
and allows rapid evaluation of the con- 
centrating power of the kidneys. Recently 
the use of a concentration test based on 
the antidiuretic action of posterior pitu- 
itary extract (pituitrin) has been studied 
by several investigators.^'^-®’®-'*'-® Some of 
these investigators'*'®'® believe that the 
test is accurate enough to be substituted 
for the fluid restriction tests, while others^ 
have noted wide variations between modi- 
fications of the pituitrin test and the 
Addis concentration test. Schneeberg 
and his co-workers,® and Sodeman and 
Engelhardt"*-® have shown that water in- 
duced diuresis does not interfere with the 
pituitrin test, and others*-®-® have found 
that the test gives a true indication of 
renal function in patients with congestive 
heart failure. 

We ha%'e compared the pituitrin test 
with a fluid restriction test in a series of 
patients with and without impaired renal 
function and in a group of patients with 
congestive heart failure, both before and 
after compensation. In addition, the 
effect of the patient's state of hydration 
on both tests has been studied. 

Material. A total of 67 patients whose 
ages ranged from 12 to 96 years were studied 
at the Forsyth County Hospital (a home 
for the aged and infinn) and the North 
Carolina Baptist Hospital (a general hospi- 
tal). These patients were divided into 
5 groups: (1) a control group of 14 patients 
without hj'pertoasioB or evidence of renaJ 
disease; (2) 11 patients with hypertension 
who showed no evidence of renal disease; 


(S) 27 patients with impaired kidney func- 
tion; (4) 10 patients with congestive heart 
failure; and (5) 5 patients without evidence 
of kidney disease in whom the effect of the 
state of hydration was studied. 

The first 3 groups were made up entirely 
of patients from the Forsyth County Hospi- 
tal, who were classified by the foflowing 
method: after a routine history, physical 
examination, urinalysis, and blood examina- 
tion, the 2 urinary concentration tests were 
performed. Patients whose urine showed a 
specific gravity above 1.020 on any sample, 
whose blood pressure was normal, and who 
had no evidence of any disease of which 
renal inadequacy might be a part, were 
placed in the control group (Table 1). If 
the blood pressure was elevated and the 
maximum specific gravity of the urine was 
above 1.020, a phenolsuffonpbtbalein excre- 
tion test and non-protein nitrogen deter- 
mination were made. If these were within 
the normal range, the patients were placed 
in the 2nd group (Table 2). The 3rd group 
consisted of patients with definite evidence 
of impaired renal function; the additional 
studies done on these patients are showm 
in Table 3. 

The 4th group was made up of 6 patients 
from the North Carolina Baptist Hospital 
and 4 from the Forsjdh County Hospital, 
all of whom had edema due to congestive 
heart failure when the first tests were done. 
The tests were repeated after the failure had 
been compensated and the edema had dis- 
appeared (Table 4). Five patients from 
the North Carolina Baptist Hospital made 
up the 5th group. These patients bad no 
evidence of kidney disease, and were studied 
solely to determine the effect of states of 
relative hydration and dehy'dration upon 
the 2 tests (Table 5). 

Method. In the fluid restriction test no 
fluids were allowed after 5 p.5f. All urine 
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voided during the night was discarded, and 
specimens were collected at 7, 8 and 9 a.m. 
Only the highest specific gravity is recorded 
in the tables. 

The method described by Wall® for the 
pituitrin test was used. The patients re- 
ceived no special preparation, and the tests 
were done at various times of the day. No 
food or fluid was allowed during the 2 hour 
test period. The bladder was emptied just 
prior to the test, and the urine was discarded. 
One cc. of pituitrin containing 10 U.S.P. 
units was then injected subcutaneously. 
Urine was collected 1 and 2 hours after the 
injection, and the higher specific gravity 
was recorded. The blood pressure was taken 
frequently during and after the test. 

All determinations of specific gravity were 
made at the same temperature in a cali- 
brated 7 cc. urinometer. None of the speci- 
mens contained sugar, and corrections were 
made for the albumin content.^ In no case 
Avas there sufficient albuminuria to raise 
the specific gravity significantly. 

Wall,® from incomplete studies on patients 
with heart failure, suggested that the pitu- 
itrin test is more reliable than fluid restric- 
tion tests in patients ivith severe edema; 
other workers® have confirmed this idea. 
In order to evaluate further the effect of 
edema, both tests were performed in a 
group of 10 patients with congestive heart 
failure and were repeated after compensa- 
tion was complete (Table 4). 

It has been generally assumed® that 
preparation of the patient is not necessary 
for the use of the pituitrin test, and that 
the state of hydration does not appreciably 
affect the results of the test. In order to 
evaluate further the hydration factor Ave 
studied separately 5 patients Avho had no 
eAudence of renal disease iTable 5). Both 
tests Avere performed twice (72 hours apart) 
and Avere preceded once by hydration of the 
patient (2000 cc. of water the evening before 
and 200 cc. of Avater cA^ery 30 minutes for 
4 hours prior to the test) and once by de- 
hydration (no fluids taken for 15 hours 
prior to the test). The order in AA'hich the 


tests Avere performed Avas varied from patient 
to patient. 

Results. The maximum specific gravi- 
ties obtained by both tests are recorded 
in the tables. Excluding the patients 
with cardiac decompensation and the 
group studied for the effect of hydration 
and dehydration, it was found that the 
fluid restriction test gave a higher specific 
gravity in 21 (40%) of the cases. The 
posterior pituitary test gave a higher 
value in 20 (39 %) of the patients, and in 
11 (21%) the maximum values obtained 
by the 2 tests Avere the same. The great- 
est variation betAveen the 2 tests in any 
case Avas 0.005, and the average Amriation 
Avas 0.0015. 

If a specific gravity beloAv 1.020 is 
taken as an indication of impaired renal 
function, and the 52 patients in the first 
3 groups are classified according to this 
criterion, it is seen that in 4 cases (marked 
with an asterisk) the 2 tests failed to 
agree on the patient’s classification. Three 
of these 4 patients were in the group 
with renal disease. 

The results shoAvn in Tables 1, 2 and 3 
Avere analyzed by determining whether 
the mean of the differences between the 
2 tests is significantly different from zero.* 

In the 10 patients tested during con- 
gestiAm heart failure and again after com- 
pensation (Table 4) the pituitrin test gave 
very nearly the same values on both 
occasions, while the specific graAdties ob- 
tained by the fluid restriction test were 
much loAver during edema in 70% of the 
patients. One of the most valuable uses 
of the pituitrin test Avill be to determine 
the status of a patient’s renal function 
during congestiAm heart failure. 

In the 5 patients tested folloAving hydra- 
tion and dehydration (Table 5), the A^aria- 
tions in the maximum specific graAdties 


t is 1.640, while the value found in the 
table lb ...160. The interpretation of this Ending is that the mean of the differences between the 2 tests 

tea r TaWe lUTortension without 

disease (Table 2) the calculated value for t is 1.024, while the A-alue given in the table is 2 29R Ttfi 
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Table 1.— Maximum Specific Gravities Observed in Patients Without Hypertension 
OR Evidence of Renal Disease (Control Group) 


Case 

No. 

Age 

Blood pressure 

Fluid restriction 
test 

Pituitrin 

test 

1 . 

22 

118/80 

1.028 

1.027 

2 . 

36 

100/60 

1.025 

1.023 

3 . 

12 

110/64 

1.025 

1 022 

4 . 

77 

138/88 

1 023 

1.024 

5 . 

24 

116/68 

I 026 

1.027 

6 . 

59 

136/80 

1.028 

1.025 

7* 

60 

142/80 

1 019 

1 023 

S . 

53 

130/66 

1.029 

1 027 

9 . 

24 

124/82 

1 027 

I 025 

10 . 

41 

120/82 

1 024 

1.023 

11 . 

34 

130/84 

1 024 

1 022 

12 . 

22 

124/80 

1 026 

1 027 

13 . 

36 

120/80 

1 021 

1 020 

14 . 

21 

120/80 

1 028 

1 029 


* Tests disagree as to adequacy of kidney function. 

Table 2. — Maximum Specific Gravities Observed in Patients With Hypertension 
Without Evidence op Renal Disease 


Case 



Fluid restriction 

Pituitrin 

No. 

Age 

Blood pressure 

test 

test 

15 . . . 

... SO 

200/100 

1.022 

1 023 

16 . . . 

... 78 

220/110 

1 021 

1.020 

17 . . . 

. . . 57 

200/124 

1 025 

1 025 

18 . . . 

. . . 56 

160/94 

1 025 

1 021 

19 . . . 

... 67 

236/140 

1 025 

1 022 

20 . . . 

... 60 

150/98 

1 030 

1 025 

21 . . . 

... 55 

150/100 

I 025 

1 025 

22 . . . 

... 80 

150/96 

1 023 

1 021 

23 . . . 

... 42 

150/110 

1 023 

1 023 

24 . . . 

... 68 

180/100 

1 031 

1 030 

25 . . . 

... 78 

170/90 

1 021 

1 025 


Table 3. — Maxijium Specific Cavities Observed in Patients With Impaired Renal Function 


Case 



Blood 

Fluid 

restriction 

Pituitrin 

N.P.N. 

P.S.P. 

No. 

Age 

Diagnosis 

pressure 

test 

test 

(rog.%) 

(2hr,%) 

26 

Arteriosclerotic ne- 
phritis 

(i 

160/78 

1 017 

1 019 

1 018 

42 

40 

40 


27 

43 

160/100 

I 016 


28 

74 

it 

170/100 

1 015 

1 017 

SO 


29 

65 

it 

I42/8S 

1 OIS 

1 016 


47 

30* 

63 

H 

110/70 

1 019 

1 021 

30 

SO 

31 

SO 

n 

U2/S4 

1 015 

1 017 


48 

32 

47 

i( 

190/130 

1 015 

1 015 

38 

42 

33 

70 

a 

156/98 

1 014 

1 013 

60 

38 

34 

54 

If 

180/100 

1 013 

1 016 


. 38 

36 

40 

n 

150/80 

1 017 

1 017 

35 

50 

36 

SO 

(< 

160/104 

1 020 

1 020 



37 

68 

<( 

180/100 

1 017 

1 017 



38 

75 

(1 

122/68 

1 017 

1 017 



39* 

90 

n 

140/80 

1 018 

1 020 

. . 

54 

40 

79 

n 

180/80 

I 015 

1 014 

52 

40 

41 

64 


170/92 

1 015 

1 018 

40 


42 

68 


160/86 

1 017 

1 018 


46 

43 

76 

Necrotiaing arteriol- 

225/130 

1 OIG 

1.018 

46 




itis 





54 

44* 

72 

it 

200/110 

1 020 

1 019 

34 

45 

44 

if 

230/134 

1 018 

1 019 

44 

44 

46 

20 

it 

210/150 

1 016 

1 016 

35 

47 

43 

Pyelonephritis 

148/98 

1 018 

1 017 

90 

45 

48 

60 

Chronic glomerulo- 
nephritis 

164/98 

1 012 

1 014 

31 

30 

84 

49 

52 

200/110 

1 012 

1 013 

50 

96 

it 

180/90 

1 013 

1 013 

76 

24 

51 

68 


150/90 

1 011 

1 010 

100 

27 

52 

24 


155/105 

1 010 

1 010 

110 

21 


* Tests disagree as to the adequacy of kidney function. 
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obtained by the 4 tests ranged from 0.001 
to 0.003, the average being 0.002. The 
average of the variations in the 2 fluid 
restriction tests was 0.0018. The varia- 
tion between the 2 tests using pituitrin 
was never more than 0.001, although the 
specific gravities were usually higher after 
fluid restriction. These findings agree 
with the general impression that special 
preparation of the patient for the pitu- 
itrin test is not necessary, and tliat pitu- 
itrin will elevated the specific gravity to 
satisfactory diagnostic levels regardless of 
the state of hydration. 


second injection produced no symptoms. 
Of the 52 patients in the first group, 
20 (39%) had a stool within the 1st hour 
after injection, but this was not associated 
with abdominal pain and in no way dis- 
turbed the patient’s course. There were 
no significant alterations of blood pressure 
in any of the patients, the maximum 
variation being 10 mm. of mercury. The 
test was performed in 6 patients with 
known coronary artery disease, and in 
none was chest pain produced. These 
patients were given a test dose of 0.5 cc. 
(5 U.S.P. units), and a period of 6 hours 


Table 4.— Maximum Specific Gbavities Observed in Patients With Congestive Heart 
Failure Before and After Compensation 

With edema After compensation 


Case 



Blood 


Fluid 


Fluid 

N.P.N. 

P.S.P. 

No. 

Age 

Diagnosis 

pressure 

Pituitrin 

restriction 

Pituitrin restriction. 

(mg.%) (2hr.%) 

53 

40 

Rheum, heart disease. 

120/85 

1.018 

1.014 

1 018 

1 017 

38 




mitral stenosis 








54 

66 

U 

140/80 

1 029 

1.021 

1.029 

1 030 

37 

58 

55 

45 

tt 

145/80 

1.029 

1 020 

I 028 

1.028 

43 

45 

56 

51 

u 

130/78 

1 027 

1.024 

1 028 

1.027 

34 

70 

57 

42 

Syph. heart disease, 

140/60 

1 023 

1 014 

1 022 

1.021 

38 

70 



aortic insufficiency 








58 

64 

Hj'pertensive heart 

230/150 

1.010 

I 012 

1.017 

1.018 

58 




disease 








59 

64 

U 

180/120 

1 017 

1.012 

1 019 

1.017 

52 

35 

00 

47 


200/120 

1 019 

1 013 

1 019 

1 020 

40 

43 

01 

49 

.\rterio‘'Clerotic heart 

140/80 

1 019 

1 018 

1 019 

1 019 

40 




disease 








62 

73 

<< 

150/80 

1 020 

1 019 

1 020 

1 021 

38 

53 

Table 

5. — Maximum Specific Gravities Observed in 5 Patients Without Renal Disease 



IN Whom the State or Hvdration Was Varied 







Following hydration 

Folloumg dehydration 




Case 


Fluid 


Fluid 




No. 

Pituitrin 

restriction 

Pituitrin 

restriction 




63 .... 

. 1 021 

1 

021 

1 020 

1 

022 




. 64 

1 024 

1 

024 

1 024 

1 

025 




65 

1 022 

1 

022 

1 023 

1 

024 




66 

. 1 027 

1 

026 

1 028 

1 

029 




67 . . 

. 1 026 

1 

026 

1 027 

1 

028 



SinE-EFFECTS OP PiTUiTRiN. There 
have been no alarming symptoms reported 
from the use of posterior pituitary extract 
in doses of 10 U.S.P. units, although some 
workers" have noted blanching of the skin 
and abdominal cramps. Three of the 
patients in this series (G%) complained 
of cramping abdominal pains soon after 
the injection, and 2 others (4%) experi- 
enced nausea and vomiting. These symp- 
toms did not interfere with the test, 
however, and did not persist for more 
than 10 minutes. In the patients on 
whom tlie test Avas performed twice the 


was allowed to elapse before tlie full dose 
was given. We believe that a test dose 
should always be used in patients with 
coronary artery disease, since the drug 
is known to produce constriction of the 
coronary arteries, and is potentially dan- 
gerous for such individuals. 

Discussion. The statistical analysis of 
tJie first 3 groups indicates clearly that 
the fluid restriction and pituitrin tests 
give extremely close agreement of the 
concentrating power of the kidneys in 
patients Avitliout renal disease, but that 
they differ significantlj' in patients with 
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impaired kidney function. However, the 
analysis presupposes that the maximum 
concentration given by the fluid restric- 
tion test is a constant figure and will not 
vary from day to day. Schneeberg and 
his co-workers^ stated, without giving 
data, that there is a significant day-to- 
daj'' variation in the specific gravities ob- 
tained by the Pishberg technique. We 
ha’i'e not studied this factor in detail, 
but it has been our impression that there 
is a daily ^^ariation. If this impression 
is correct, the statistical analysis is not as 
significant as it would be otherwise. 

Although in 4 cases the tests failed to 
agree as to the adequacy of renal func- 
tion (if a specific gravity of 1.020 is taken 
as a criterion)^ the actual variations in 
specific gravities in these 4 cases are small 
(1.020 and 1.019, 1.020 and 1.018, 1.021 
and 1 .019, 1 .023 and 1 .019) . If one applies 
the chi square method of analysis, one 
finds that chi square is 0.308, a figure 
which indicates that the difference is not 
significant and could occur by chance. 
Our findings indicate that pituitrin can 
be used as a substitute for the fluid restric- 
tion test to measure renal function. Since 
3 of the 4 instances of significant failure 
in agreement were in the group of patients 
with renal disease, it would appear that 
the test is not as reliable in patients with 
diseased kidneys as in patients without 
kidney disease. 

We believe that the pituitrin test is a 
valuable addition to the group of renal 
function tests. The advantages of the 
test are numerous. It does not require a 
prolonged period of fluid restriction, and 
may be carried out without special prepa- 
ration of any kind — a very great advan- 
tage in the unintelligent or uncooperative 
patient. The test is of particular value 
in office practice, since it is completed in 
2 hours and saves the patient the incon- 
venience of a second trip to tlie office. 
The test is also valuable in preoperative 
cases where it is not feasible to postpone 
operation for a day or where fluid restric- 
tion is contraindicated.®''*'®’*'''® 

Perhaps the greatest advantage of the 


test is its reliability in tlie presence of 
edema. It is not reliable, however, in 
patients who have had mercury or .xan- 
thines, since these drugs inhibit the anti- 
diuretic action of the pituitrin. 

The disadvantages of the test are few. 
In a few instances it was difficult to obtain 
urine specimens, but this diflSculty was 
usually encountered in the fluid restric- 
tion tests on the same patients. We 
believe that it was due to inability of 
the patient to xmid voluntarily rather 
than to inadequate excretion of urine, 
since specimens were obtained easily by 
catheterization in the few cases in xvhich 
it was necessary to resort to this measure. 
However, the x'olume of urine obtained 
during the pituitrin test was frequently 
so small that a 7 cc. urinometer had to 
be used. 

The pituitrin test is potentially dan- 
gerous in patients with angina pectoris 
and is contraindicated in pregnancy, even 
in the first trimester, because of the 
danger of uterine tetany and fetal death. 
Except in this small group of patients, 
however, the test can be safely performed 
whene'i’'er it is necessary to measure the 
concentrating ability of the kidneys. 

Summary and Conclusions. 1. In 25 
patients without renal disease the fluid 
restriction test and pituitrin test gave 
comparable results; but in 27 patients 
xvith impaired kidnej' function there was 
a statistically significant difference. How- 
ever, the statistical analysis xvas of neces- 
sity based upon the invalid a.ssumption 
that the fluid restriction test gives a con- 
stant result. 

2. In most cases the pituitrin test 
determined accurately whether or not a 
given patient should be classified as 
having impaired renal function. It may 
be substituted for the fluid restriction test 
to measure the concentrating abilitx' of 
the kidneys, although greater variation 
occurred in patients xvith the diseased 
kidney, than in patients without kidney 
disease. 

3. Tlte posterior pituitary test accu- 
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rately measured the concentrating power 
of the kidneys in 10 patients with edema, 
whereas the fluid restriction tests gave an 
abnormally low specific gravity in these 
patients. The posterior pituitary gave 
a value that does not differ significantly 
from the same test or the fluid restriction 
test after the patient has compensated. 

4. The prevailing state of hydration 
does not significantly influence the results 


obtained with the posterior pituitary test 
in the 5 patients tested. • 

5. The posterior pituitary test requires 
no special preparation of the patient, is 
completed in a short period of time, and 
produces no untoward reactions in the 
average patient. It is contraindicated in 
pregnancy, however, and is potentially 
dangerous in individuals with coronary 
artery disease. 
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TmoURACE. IN THYROTOXICOSIS. RESULTS OP PROLONGED 
TREATMENT IN 35 CASES 
By Edward Rose, M.D. 
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Jeannette Me Connell, M.D. 

PHILADELPHIA, PENH8YLVAK1A 

(From the Endocrine Section of the Medical Clinic, Hospital of the University of Pennsylvania) 


The introduction of new compounds 
which exert an inhibitory effect upon the 
activity of the thyroid gland presents 2 
possible advantages. Such compounds 
might prove of value either (a) when 
used over relatively short periods of time 
as adjuvants to, or substitutes for, iodine 
in the preparation of the thyrotoxic pa- 
tient for thjToidectomj'’; or (b) as substi- 
tutes for thyroidectomy and other forms 
of treatment in the production of a pro- 
longed or permanent remission in the 
thyrotoxic state. The effects of thiouracil, 
the most prominent of the new “ antithy- 
roid” compounds, have been so extensively 
studied and described that the usefulness 
and limitations of this drug as a pre- 
operative agent are by this time relatively 
well understood.^'--® However, evaluation 
of the ultimate usefulness of thiouracil 
in the permanent control of thjTOtoxicosis 
must await more prolonged observation 
of larger numbers of patients followed for 
long periods of time. The limited number 
of references*'® in the literature to the 
results of prolonged therapy with thio- 
uracil is doubtless due chiefly to the fact 
that this drug has been in general clinical 
use for somewhat less than 3 years. Addi- 
tional reports on this phase of the prob- 
lem are desirable. It is our purpose here 
to rep'ort observations on 35 thjTotoxic 
patients who have received thiouracil for 
protracted periods and who have been 
under observation for intervals varying 
from 10 to 30 months. Data of chief 
interest pertaining to our cases are pre- 
sented in Table 1. 

We have divided our patients into the 
following 3 groups: (1) patients in whom 
sustained remission has followed the ces- 
sation of thiouracil therapy; (2) (a) patients 


who have remained in remission on small 
maintenance doses of thiouracil, but who 
have relapsed when such maintenance 
doses w-ere withdrawn, (b) patients who 
have relapsed when the dosage of thiour- 
acil was reduced, and (c) patients maintain- 
ed in remission on small doses of thiouracil, 
without withdrawal of the drug; (3) 
patients who, despite prolonged therapy, 
have shown doubtful or unsatisfactory 
response. 

Group 1. Only 1 of these 16 patients 
was a male and all but 3 were less than 
50 years of age. The tliyroto.xicosis was 
considered to be mild or moderate in 
severity in all cases. Onlj’^ 1 patient pre- 
sented a nodular goiter; in the others the 
thyroid enlargement was diffuse, uniform 
and slight or moderate in degree. None 
of tlie patients had received iodine, irradi- 
ation, or any other specific therapy 
directed toward the thyroid for at least 
1 month prior to the beginning of thio- 
uracil; and in no instance had a previous 
th.iToidectomy been performed. Two 
patients presented independent compli- 
cating diseases; 1 suffered from essential 
hi'pertension, arthritis, a uterine fibroid, 
and secondary anemia; the other (with a 
nodular goiter) suffered from hyperten- 
sion, angina pectoris, and chronic chole- 
cystitis. 

The average period of maximum thio- 
uracil dosage (0.6 to 1 gm. daily) was 
1.2 months, the shortest period of maxi- 
mum dosage was 0.5 month, and the 
longest 2.5 months. The average dura- 
tion of therapy was 6 months; the short- 
est period during which the drug was 
administered was 1 month, and the 
longest period was 10.25 months. Among 
the 9 patients who have remained well for 
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1 year or more following the withdrawal 
of therapy, the average period of treat- 
ment was 5.5 months, the minimum 
1 month, and the maximal period 9.5 
months. The duration of observation 
following the withdrawal of therapy is 
shown in Table 1. 


slight exophthalmos or lid retraction. 
Neither of these signs was aggravated ex- 
cept in 1 patient who showed a slight 
unilateral increase in exophthalmos, which 
appeared 2 months after treatment was 
started, and has persisted throughout 
12 months of subsequent observation. 


Table 1.— Data Pertaining to Diagnosis and Treatment of 35 Thyrotoxic Patient.s 

Receiving Thiouracil 


Group 1 Group 2 


Sustained 

post-therapeutic 

remissions 


Number of patients: 16 

Total period of observation : 

6-12 months 

12-18 “ 4 

18-24 “ 1 

24-30 “ 8 

Relapses 4* 

Remissions . 16 

Age: 

10-19 years . 3 

20-29 “ . 1 

30-39 “ . 3 

40^9 “ 6 

50-59 “ ... 2 

60-69 " . . .1 


Sex: 

Female .... 15 

Male 1 

Type of goiter: 


Diffuse . . ... 15 

Nodular . ... 1 

Recurrent postoperative .... 0 

Total therapy (months) : 

Average ... 6 

Minimum 1 

Maximum 10 8 


Remissions 
only during 
therapy 

13 


4 

1 

7 

1 

11 

11 


0 

7 

3 

0 

3 

0 


10 

3 


8 

2 

3 


13 

6 

20 


Group 3 

Unsatisfactory 

response 

6 


2 

0 

2 

4 

0 


1 

0 

0 

2 

1 

2 


5 

1 


3 

3 

0 


17 

7 

26 


Follow-up after withdrawal of drug: 


3- 6 months 4 

6-12 “ 3 

12-18 “ 3 

18-24 “ 4 

24- " 2 


* The 4 relapses noted in Group 1 occurred early in our study, the drug being withdrawn too soon 
in these cases; these patients subsequently responded to resumption of therapy, and ultimately showed 
sustained remissions. 


Four patieuts in this group relapsed 
following the first withdrawal of thiouracil, 
but were promptly controlled again fol- 
lowing readministration of the drug. In 
these cases tlie drug was witlidrawn after 
i), 2.25, 1.5 and 1 montli respectively, 
symptoms of relapse became apparent in 
1, 2.5, 2 and 0.5 montli respectively. No 
patient in this group showed ocular in- 
volvement of a more serious nature than 


The criteria for the determination of 
remission in this group have included 
complete subjective relief, weight gain, 
and tlie return of the basal metabolic rate 
and heart rate to normal levels. Reduc- 
tion in size of the thjToid gland was not 
considered a prerequisite component of a 
remission. In this group the thjToid 
definitely decreased in size in 7 patients. 
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showed no change in 8, and increased in 
1 (patient with a nodular goiter). 

Group 2. (a) Only 1 of these 9 patients 
was a male, and the majority of the group 
was less than 40 years of age. The thyro- 
toxicosis was classified as mild in 2 cases, 
moderate in 6, and severe in 1. The 
thyroid enlargement was diffuse in 7 pa- 
tients (4 slight, 3 moderate) and nodular 
(postoperative recurrence) in 2 instances. 
Except for 1 patient who received iodine 
for 3 weeks immediately prior to treat- 
ment, no patient in this group had received 
therapy directed toward the thyrotoxi- 
cosis within at least 2 months prior to 
the beginning of thiouracil. No patient 
in this group presented any independent 
complicating disease. 


basal metabolic rate of -f30% also re- 
ceived 1000 r units of irradiation to the 
pituitary. Estrogen, a short course of 
iodine, and 1 series of irradiation treat- 
ments to tlie thyroid were also given sub- 
sequent to her relapse following the with- 
drawal of thiouracil. After 10 months 
observation there has been no significant 
change in her ocular condition. Another 
patient, a man aged 68, with a slight 
diffuse goiter and a basal metabolic rate 
of -{-65% wms given estrogen intermit- 
tently in addition to thiouracil. He suf- 
fered 2 episodes of exposure keratitis 7 and 
14 months after thiouracil was begun. 
After 21 months of treatment his exoph- 
thalmos has increased about 5 mm. in 
each eye, but the edema and congestion 


Table 2. — Toxic Reactions Attributed to Thiouracil in 5 Patients. 


Patient 

Duration of 
therapj’ prior to 

Daily dosage 
at time of 
1st episode 

Lowest total 
leukocyte 
count 

Lowest % of 

No. of 

Symptoms 

let episode 

(em.) 

(thous./c.mm.) 

neutropnils 

episodes 

1. M. C. . . . 

, G mos. 

0.2 

2.5 

30 

2 

PhanuBitis 

2. V. C. . . . 

. 23 days 

0.6 

1.2 

12 

2 

Pharj'ngitis, chills, 

3. V. M. . . . 

. 1 .5 mos. 

0.2 

2.8 

44 

3 

and fever 

Cer>*ical adenopathy 

4. A. S. . . . 

5. T. C. 

Leukopenia 

. 6 “ 

1.0 

2.8 

18 

3 

and fever 

None 

. 15 " 

0.1 

1.8 

41 

3 

Pharj-ngitis 

Hash 

. 3 wks. 

0.6 



• . 

None 


The average period of thiouracil therapy 
in this group was 12.6 months, the min- 
imal period being 5.75 months, and the 
maximal period 19.5 months. The dosage 
of thiouracil wms irregular, varying from 
an initial maximal dose of 0.6 to 1 gm. 
daily to a minimal dose of 0.1 to 0.2 gm. 
daily. Maintenance of remission did not 
in any case require a daily dose greater 
than 0.2 gm. The maximal period of sus- 
tained therap3^ prior to any relapse aver- 
aged 5.75 months; the shortest period of 
therapy prior to a relapse was 1 month, 
and the longest was 11 months. The ap- 
proximate average time required for 
symptoms of relapse to become apparent 
was 2.7 months, the shortest time being 
1 month, and tlie longest being 5 months. 
Three patients presented moderately sev- 
ere signs of ophthalmopathy (edema and 
congestion of lids and conj'unctivse, with 
slight superficial corneal erosion in 1 case). 
One of Aese patients, a woman aged 38, 
with a slight diffuse goiter and an initial 


of the lids and conjunctivre have decreased. 
The third patient was a Negro woman, 
aged 34, with a nodular, postoperative re- 
growth of the thjToid and moderately 
severe thyrotoxicosis. Her ocular signs 
included exophthalmos, edema of the lids, 
and enlargement of the lacrimal glands. 
After 17 months of intermittent thiouracil 
therapy the exophthalmos had increased 
by 4 mm. in each eye. The condition of 
die lids and lacrimal glands was unchanged 
but the cornea remained intact and visual 
acuity had not changed. Thiouracil was 
then withdrawn because of the increase 
in exophthalmos. One year after with- 
drawal die exophthalmos had increased 
further by 1 mm. in each eye. 

(6) The 2 patients in this group were 
a Negro male, aged 28, with a nodular 
goiter; and a white female, aged 31, with 
a nodular thjToid regrowth associated 
with chronic persistent thjTotoxicosis fol- 
lowing a partial thyroidectomy S years 
pre\'iously. The first patient relapsed 
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within 1 month after having received 0.6 
to 0.4 gm. of thiouracil daily for 1.75 
months and 0.2 to 0.1 gm. daily for 
1.25 months. He relapsed a second time 

4 months later, 1 month after the daily 
dose had again been reduced to 0.1 gm. 
The dosage was again reduced to 0.1 gm. 
daily after 3 months, and this time he 
remained in remission on 0.1 gm. daily 
for 3 months, when therapy was omitted. 
He did not return for examination for 

5 months at which time he had again 
relapsed, although his nodular goiter was 
definitely smaller than before treatment 
was begun. 

The second patient was under treatment 
for 19 months. During this time she re- 
lapsed twice when thiouracil was with- 
drawn for 1 month or less. She also re- 
lapsed 3 times when the daily dose was 
reduced to 0.1 gm., symptoms recurring 
once after 1 month and twice after 2 
months® reduction of dosage. During the 
entire period of therapy her nodular 
thyroid regro\vth increased slowly in 
size, and her exophthalmos increased 
slightly. Thiouracil was finally aban- 
doned when recurrent leukopenia appear- 
ed after 17 montlis therapy, and subtotal 
thyroidectomy was performed following 
iodinization. 

(c) These 2 patients remained in pro- 
longed remission on daily maintenance 
doses of thiouracil not exceeding 0.2 gm. 
The first patient was a woman, aged 69, 
witli a nodular goiter, diabetes mellitus, 
moderate hypertension, and mild symp- 
toms of congestive heart failure, with an 
initial basal metabolic rate of -}-46%. 
She received 0.4 to 0.8 gm. of thiouracil 
daily for 5 months. For the next 6 months 
she was kept in remission on a daily dose 
varying from 0.3 to 0.05 gm. During 
this time her goiter increased in size de- 
spite tlie intermittent use of iodine and 
desiccated tliyroid. Subtotal thjToidec- 
tomy was performed because of increas- 
ing pressure symptoms. 

The second patient was a male, aged 
22, with an initial basal metabolic rate 
of +59%, and a firm, diffuse, moderate 
tliyroid enlargement. He received a 


maximal daily dose of 0.6 gm. for 2.75 
months, 0.2 to 0.3 gm. for 4 months, and 
for 4 months has been maintained in re- 
mission on 0.1 gm. daily. His goiter has 
decreased markedly in size and firmness. 

Among the 13 patients in Group 2 the 
thyroid enlargement showed no change 
in 3, increased in size in 3, and decreased 
in 7. Among the latter were 2 of the 
5 nodular goiters. Ocular manifestations 
were unchanged in 9 cases, increased in 3, 
and decreased in 1 instance. 

Group 3. The 6 patients in this group 
have failed to show clear-cut response to 
thiouracil, despite periods of treatment 
varying from 7 to 15 months. The 
average period of treatment was 11.5 
months. Only 1 of these patients was a 
male. Five of the patients were above 
44 years of age. The outstanding feature 
in this group was the presence of com- 
plicating diseases in 4 cases. None of 
the patients in this group received signifii- 
cant therapy directed toward the thyroid 
prior to the beginning of thiouracil ad- 
ministration. Only 1 patient showed ocu- 
lar signs (slight stare and exophthalmos); 
these were not affected by treatment. 

Brief protocols of these cases are given 
below: 

1. C. DeL., a white woman, aged 44, 
wth acromegaly, slight diffuse goiter, hyper- 
tension, and slowly progressive cardiac fail- 
ure. The initial basal metabolic rate was 
+64%. Despite the almost continuous ad- 
ministration of 0.2 to 0.6 gm. thiouracil 
daily for 15 months, the basal metabolic 
rate did not show a sustained reduction, 
although the slight thyroid enlargement 
ultimately decreased in size, congestive heart 
failure gradually progressed, causing death 
after 18 months of observation. Differen- 
tial evaluation of the respective influence of 
the pituitary disease, the hypertension, and 
the heart failure upon her basal metabolic 
rate was difficult. However, it was believed 
that thyrotoxicosis, possibly secondary to 
hjTjerpituitarism, was present and probably 
contributed in some degree to her cardiac 
failure. 

2. T. W., a white woman aged 61, Avith 
moderate hypertension, myocardial enlarge- 
ment and degeneration, a nodular goiter, 
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and an initial basal metabolic rate of +73%. 
Despite a decline in the basal metabolic rate 
and gain in iveight, she has not shown a 
sustained or complete remission after 1 year 
of thiouracii therapy, with daily dosage of 
0.4 to 0.6 gm., and her goiter has increased 
somewhat in size. The influence of the 
hypertension has been difficult to evaluate. 

3. A. B., a white w^oman, aged 64, with 
nodular goiter, diabetes mellitus, weakness 
of the right arm apparently associated with 
a cerebral lesion of uncertain nature, and 
an initial basal metabolic rate of +37%. 
Seven months of thiouracii therapy (0.4 to 
0.6 gm. dailjO failed to produce a complete 
remission, the lowest basal metabolic rate 
during this time being +20%. The goiter 
did not change appreciablj’- in size. The 
patient was finally subjected to thyroidec- 
tomy, after the addition of iodine, with a 
satisfactory result. 

4. V. M., a white girl, aged 13, had rheu- 
matic mitral valvular disease, idiopathic 
epilepsy, diabetes mellitus, and a slight dif- 
fuse goiter, with an initial basal metabolic 
rate of +27%. Thiouracii was withdrawn 
after 22 months of occasionally interrupted 
therapy, because of recurrent leukopenia. 
During this time the patient had gained 
44 pounds and had grown 1 inch, but the 
diabetes had not been ameliorated. Her 
thyrotoxic status had been difficult to 
evaluate because of emotional instabih'ty 
and other factors. However, at the time 
of final withdrawal of thiouracii it was felt 
that a sustained remission had not been 
produced although her basal metabolic rate 
was +1%. Three months after thiouracii 
was stopped her basal metabolic rate was 
—2% but she still showed tachycardia and 
emotional instability'.* This patient has 
been reported in a previous communication.^ 

5. M. K., a white woman, aged 57, pre- 
sented a slight diffuse thyroid enlargement, 
with an initial basal metabolic rate of +38% 
and evidence of slight cardiac insufficiency. 
After 10 months of occasionally interrupted 
therapy she showed no significant improve- 
ment. Thiouracii was then discontinued 
and 3 months later her status was essentially 
unchanged. This patient had been rather 
uncooperative and irresular in her \isits 
to the clinic, and her failure to respond may 


in part be due to this irregularity rather 
than to inadequacy^ of thiouracii therapy 
per se. 

6. A. S., a Negro male, aged 49, presented 
evidence of severe thyuotoxicosis with a 
nodular goiter, intermittent auricular fibril- 
lation, edema of the legs, marked weight 
loss, and an initial basal metabolic rate of 
+62%. He received 0.6 to 1 gm. of thio- 
uracii daily, with 1 brief intermission, for 
8 months; an intermediate dose (0.3 to 
0.4 gm. daily') for 3 months; and a mainte- 
nance dose (0.1 to 0.2 gm. daily) for 0.5 
months. His therapy' was interrupted on 

3 occasions for periods varying from 2 to 

4 months because his work prevented regu- 
lar visits to the clinic, and because the 
appearance of leukopenia twice necessitated 
the withdrawal of therapy'. After 21 months 
of observation his goiter was smaller and he 
was generally improved, but still moder- 
ately thyrotoxic. Because his work pre- 
vented regular clinic visits, and because 
leukopenia had again recurred, thiouracii 
was abandoned and thyroidectomy was ad- 
x'ised. As in Case 5, unavoidable interrup- 
tions of therapy' may' have been partially' 
responsible for our ultimate failure to pro- 
duce a remission. 

Toxic Reactions to Thiouracil. The 
reactions were limited to leukopenia and 
maculo-papular dermatosis, the latter ap- 
pearing in a patient in whom leukopenia 
also later occurred. Five patients showed 
a fall in total leukocyte count below 4000 
per c.mm. on 1 or more occasions. One 
of these (previously reported'*) developed 
severe leukopenia (1250 leukocytes with 
12% neutrophils), with chills, fever and 
pharyngitis, after 23 days of treatment 
(0.6 gm. daily'). Thiouracii was subse- 
quently readministered after 1 month of 
interruption without further toxic effect; 
this patient has been in a sustained re- 
mission for 22 months since final cessation 
of therapy. None of the other patients 
who developed leukopenia showed the 
usual clinical picture accompanying severe 
granulopenia. 

Factors pertaining to the leukopenic 
reactions are shown in Table 1. It should 


* In thjTotoxic children and adolescents, periods of discrepancy between the basal metabolic rate 
and other 'manifestations of the disease are frequently observed during and after various tj-pes of therapy 
(“dispersion phenomenon”).^ 
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be noted that Patient A. S. showed leuko- 
penia on various occasions when he had 
received no thiouracil for several months. 
As William et aU have pointed out, leuko- 
penia occasionally accompanies untreated 
thyrotoxicosis, a fact which may render 
interpretation of leukocyte counts made 
during thiouracil therapy somewhat diffi- 
cult. In the 1 patient who developed 
skin lesions, the eruption appeared after 
3 weeks of treatment, but soon disap- 
peared despite continuation of thiouracil. 
A similar eruption recurred after 19 
months of intermittent treatment, coin- 
dentally with the reappearance of leuko- 
penia. The incidence of toxic reactions in 
our cases, selected because of prolonged 
therapy, does not necessarily reflect the 
general incidence of such reactions. 

Comment. Only tentative conclusions 
can be drawn from our experience, because 
of the small number of patients followed 
and the relatively short period of ob- 
servation. However, 45.7 % of our 35 
patients have shown sustained remissions 
for periods varying from 3 to 29 months 
following cessation of thiouracil therapy; 
25.7% have remained well for 1 year or 
more. An examination of the data on 
patients showing sustained remission fol- 
lowing cessation of treatment shows that 
the best results appeared in those with 
slight to moderate diffuse tliyroid enlarge- 
ment, thyrotoxicosis of mild to moderate 
severity and without independent com- 
plicating diseases or severe ocular signs. 
In short, these patients were the type 
who might have been treated by irradia- 
tion or otlier conservative measures with 
reasonable expectation of ultimate suc- 
cess They likewise conform to the type- 
in which spontaneous remissions some- 
times occur. Only 2 of the 35 patients 
were considered severely toxic. One of 
these is well controlled on small mainte. 
nance doses, but has twice relapsed wheu 
the drug was witlidrawn; tlie otlier 
(Case 6, Group 3) was considered to have 
responded unsatisfactorily and tlijToidec- 
tomy was recommended. None of the 
patients in Group 1 has shown evidence 
of real or sustained hjpotlnToidism fol- 


lowing cessation of treatment. Four of 
these patients, however, have complained 
of fatigue and exliibited slightly subnor- 
mal basal metabolic rates at intervals of 
3 to 24 months following withdrawal of 
treatment. 

Examination of data in Group 2 (a) 
and (b) reveals no reliable criteria by which 
ultimate failure to show sustained remis- 
sion following cessation of therapy could 
have been predicted. This group con- 
tained the only patients showing severe 
ophthalmopathy. There was, however, 
no significant difference in the age dis- 
tribution, type of goiter, or severity of 
thyrotoxicosis between Groups 2 (a) and 
2 (b) on the one hand, and Group 1 on 
the other. It should be emphasized, how- 
ever, that the small size of the groups 
renders statistical comparison of little 
value. 

The high incidence of complicating 
disease and the higher age incidence in 
Group 3 suggest that these factors may 
have influenced the unsatisfactory re- 
sponse to treatment. 

We have observed no gross evidence 
suggestive of malignant degeneration in 
any case although 5 patients with nodular 
goiters have not been operated upon, and 
any of these glands might conceivably, 
contain malignant areas. Five patients 
were ultimately subjected to thyroidec- 
tomy, and in none of these glands was 
there gross or histologic evidence of malig- 
nancy. Tivo of these goiters were nodu- 
lar, 2 were diffuse, and 1 was an irregular 
postoperative regrowth. In addition to 
prolonged thiouracil therapy, iodine' had 
been administered to all 5 patients^,, im- 
mediately prior to operation. After re- 
viewing tlie histologic sections Dr. H. C. 
-Horn has VTitten the following summary: 
‘The 2 nodular goiters in this group do 
not show any unusual findings and in 
neither case are histologic evidences of 
hyperplasia seen in the sections taken. 
The other 3 cases show changes charac- 
teristic of diffuse hyperplastic goiters, ex- 
cept for tlie fact that l is complicated: by 
the presence of an adenoma. These' 3 
cases are not entirely similar, however, 
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varying just as do hyperplastic goiters 
not treated with thiouracii. One case 
shows well-marked involution and, in the 
goiter associated with an adenoma, the 
hyperplasia is as marked and active as it 
is in many toxic goiters prepared for 
operation with thiouracii alone. How- 
ever, this degree of histologic change is 
by no means unknown in iodine-treated 
goiters. It is interesting to speculate upon 
the question of whether thiouracii may 
have stimulated (or even initiated) the 
growth of the adenoma found in 1 of the 
goiters in this group." 

From the evidence presented by our 
data it would appear that prolonged 
treatment with thiouracii does not pro- 
duce sustained post-therapeutic remis- 
sion in a sufficiently high percentage of 
cases of thyrotoxicosis to compare favor- 
ably with the results obtainable by ex- 
pertly performed thyroidectomy or even 
by irradiation. The best results appear 
to have been obtained in uncomplicated 
cases of mild to moderate severity with 
slight or moderate diffuse thyroid enlarge- 
ment. It would appear justifiable to 
undertake prolonged thiouracii treatment 
in such cases, provided the patien artes 
carefully selected with regard to their 
intelligence, their willingness and ability 
to remain under close supervision, their 
economic status, and their understanding 
of the potential dangers of toxic reaction 
to the drug. Prolonged treatment with 


thiouracii would also seem justifiable in 
patients who refuse thyroidectomy or in 
whom the risk of operation is for any 
reason unacceptable. 

Summary. 1. Thirty-five thyrotoxic 
patients have received treatment with 
thiouracii for periods varying from 1 to 
19 months. These patients have been 
observed for intervals varying from 7 to 
30 months. 

2. Sixteen patients (45.7%) have re- 
mained in remission for periods varying 
from 3 to 29 months following wntbdrawal 
of therapy. Nine patients (25.7%) have 
remained in remission for 1 year or more. 

3. The majority of the patients showing 
sustained post-therapeutic remission suf- 
fered from uncomplicated thyrotoxicosis 
of mild or moderate severity, with slight 
or moderate diffuse thyroid enlargement. 

4. Four patients relapsed following with- 
drawal of the treatment, but ultimately 
showed sustained post-therapeutic remis- 
sions following readministration of the 
drug. 

5. Eleven patients (31.4%) were main- 
tained in remission for periods varjdng 
from 6 to 19.5 months while receiving 
thiouracii. Two patients (5.7 %) relapsed 
following a reduction in dosage to 0.2 gm. 
or less per day. 

6. The majority of the 6 patients who 
failed to respond to prolonged treatment 
were in the older age groups and suffered 
from complicating diseases. 


Since the preparation of this report, Beierwaltes and Sturgis (Remissions in ThjTOtoxicosis .tfter 
Discontinuing Thiouracii. .1. Am. Med. Assn., 131, 735. 1946) have published observations on 45 patients 
with toxic diffuse goiter treated with thiouracii. Twenty-nine of their patients wore followed for 4 months 
or longer. They conclude that persistent post-therapeutic remission may be anticipated in 60 to 80% 
of such cases if treatment is continued for 10 months or longer. 

We are indebted to Dr. Stanton Hardy of the Lederelc Laboratories for his generosity in suppb'ing 
us with thiouracii: to Dr. R. C. Horn for pathologic reports, and to Dr. F. H. Adler and his associates 
in the Department of Ophthalmolog}', for their cooperation in periodic eye examinations of many of our 


H. U. P. patients. 


REFERENCES 


1. Astwood, E. B.: Chemotherapy of Hyiterthyroidism, The Hars'ey Lectures, Lancaster. Pa., 
Science Press, 40, 195, 1944-1945, 

2. Babtpes, E. C.: Thiouracii in Preoperative Preparation of Patients With Severe Hj-pcrthy- 
roidism, Ann. Int. Med., 22, 365. 1945, 

3. Rose, E., Rose, E. K., and Pekpekoiuss, E. P.: The Treatment of HyperthjToidiam in Children 
and Younger Adolescents, J. Pediat., 7, 325, 1935. 

4. Rose, E., and McCon'Kei.e, J.: Thiouracii in the Treatment of HyperthjToidism : Clinical Experi- 
ence With 37 Cases, Am. J. Med. Sci., 208, 561, 1944. 

5. WiELUMS, R. H.: Thiouracii Treatment of Thyrotoxicosis: I. Results of Prolonged Treatment. 
J. Clin. Endocrinol., 6, 1, 1946. 

6. WiEEUMS, R. H., CfCTE. H., Aegem, T. j., and Kesj.'et, F. P.: Thiouracii Treatment of iniTd* 
toxicosis: II. Toxic Reactions, J. CUn. Endocrinol., 6, 23, 1946. 



machella: p. falcipaeum malaeiA 


81 


THE RELATIONSHIP OP BROMSI3LPHALEIN RETENTION TO THE 
FEVER OF NATURAL P. FALCIPARDM MALARIA 

By Maj. Thomas E. Machella, M.C.* 

With the technical assistance of 

Ralph Fine, T/5, and David F. Bukgoon, 2nd Lt., Sn.C. 

(From the 20th General Hospital, U. S. Army Medical Corps in India) 


During a study’' of the effectiveness of 
atabrine intravenously administered in the 
treatment of P. falciparum malaria the 
question arose tvhether a single large dose 
of the drug produced any evidence of 
hepatic dysfunction. Impairment of hep- 
atic function and necrosis of liver cells 
have been reported in experimental ani- 
mals receiving large doses of atabrine.'' 
To answer the question, the bromsulpha- 
lein test was performed in a series of cases 
of P. falciparum malaria before and after 
treatment. It soon became evident that 
the .excretory function of the liver, as 
indicated by retention of dye in the blood 
stream, was impaired during the malarial 
attack before atabrine was administered, 
and that the impairment gradually dis- 
appeared as the attack responded to treat- 
ment. Additional dye retention, due to 
the atabrine, either did not occur or else 
was so transient and so overshadowed by 
that due to the malaria itself that it was 
not detectable. It was then decided to 
learn more about the impairment of dye 
excretion jn malaria by performing the 
test at various times during and after the 
attack. The data obtained from sucli 
observations are contained in this report 
together with the results of the test in 
subjects in whom fever was induced by 
means of typhoid vaccine. 

In the recent literature on liver function 
tests in malaria there are a number of 
studies in tlierapeutic as well as natural 
malaria. Most of them deal with P. vivax 
infections. Bromsulphalein retention has 
been reported both during and after in- 
duced malaria for the treatment of central 
nervous system syphilis- and also in 


natural malaria.'*’®'® Other evidences of 
hepatic dysfunction have likewise been 
reported; these include a diminished hip- 
puric acid excretion,®’®’® a decrease in total 
cholesterol®’® and its esterified fraction,® 
positive cephalin flocculation tests,® ’®’®'®'^’'® 
an increase in serum bilirubin®-*’® and an 
increase in urobilinogen excretion.® 

Procedure. The 33 subjects were Chinese 
soldiers in the India-Burma theater. Each of 
them had a positive smear for P. falciparum 
malaria. The bromsulphalein test was per- 
formed in all cases while the patient was 
febrile, immediately before instituting treat- 
ment. After therapy was begun, tests were 
performed at intervals of 1 to 2 days until 
retention of dye no longer was demon- 
strable. In a few cases in whom relapses 
were expected, it was possible to perform 
the test during the afebrile period imme- 
diately preceding the next bout of fever. 

The antimalarial drugs used were atabrine 
dihydrochloride, administered intravenously 
or intramuscularly, and SN 6911 bisulphate 
intravenously. SN 6911 administered intra- 
venously and atabrine administered intra- 
venously or intramuscularly are equally ef- 
fective in terminating fever and parasitemia 
in the average case of P. falciparum malaria. 
YJhen used intravenously, the 0.6 or 0.8 gm. 
dose of atabrine was dissolved in distilled 
water (0.2 gm. per 10 cc.) and the resulting 
solution placed in 1000 cc. of physiologic 
saline solution. This preparation, freshly 
made, was then administered by intravenous 
drip over a period of 3 to 4 hours. A dose 
of SN 6911 bisulphate (0.64 gm.) equivalent 
to 0.6 gm. of the base was dissolved in 
1000 CO. of ph5"siologic saline and adminis- 
tered in the manner similar to that used 
for atabrine. When atabrine was given 
intramuscularly, the desired dose (0.4 to 
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0.6 gm.) was dissolved in distilled water 
(0.2 gm. in 10 cc.) and one-half the total 
amount injected into each buttock. The 
amount of bromsulphalein injected was cal- 
culated on the basis of 5 mg. per kilo of 
body weight and the test sample was taken 
from the opposite arm 30 minutes after the 
injection. The mean weight of the subjects 


whether or not d 3 'e retention could he pro- 
duced by artificial!}'- induced fever, the test 
was performed before, during and after 
induction of fever by the injection of 1 cc. 
of triple typhoid vaccine (50,000,000 organ- 
ics, Indian strain) in apparently normal 
indianduals. 


Tabck 1. Clinical and Therapeutic Dat.a on the Cases on Whom the Bro.msulphalein 

Tests Were Done 


Casp 

Before treatment 

Degree of Degree of 

Day of disease 
on which 
treatment 


Amount of 
drug 

Route of 

Day on which 
smear first 
became nega- 
tive after day 

No, 

p.'irasjtemia 

splenomegaly 

was given 

Tj-pe of drug 

(gm.) 

administration 

of treatment 

1 

. 2 

0 

3 

A* 

0.6 

I.V. 

2 

2 

. 1 

3 

4 

A 

0 6 

I.M. 

I 

3 

1 

1 

1 

A 

0.8 

I.V. 

2 

4 

2 

1 

11 

A 

0.6 

I.V. 

2 

5 

2 

1 

4 

A 

0.8 

I.V. 

2 

6 

. 3 

3 

8 

A 

0 6 

I.M. 

2 

7 

. 2 

0 

4 

A 

0 5 

I.M. 

2 

8 

. 2 

1 

4 

At 

0 4 

I.M. 

2 

9 

. 1 

1 

5 

SNt 

0 6 

I.V. 

1 

10 

. 2 

1 

8 

SN 

0 6 

I.V. 

3 

11 

. 2 

1 

3 

SN 

0 6 

I.V. 

3 

12 . 

. 2 

0 

2 

SN 

0 6 

* I.V. 

3 

13 . 

. 1 

0 

3 

A 

l.Ot 

I.M, 

1 

14 . 

. 3 

1 

4 

SN 

0 6 

I.V. 

3 

15 

. 2 

1 

2 

SN 

0 6 

I.V. 

2 

16 . 

. 3 

1 

2 

A 

0 4 

I.M. 

2 

17 . 

. 1 

1 

1 

A 

0.6 

I.V. 

i 

18 . 

. 2 

3 

2 

A 

0.4 

I.M. 

2 

19 . 

. 2 

0 

2 

A 

0.4 

I.M. 

2 

20 . 

. 2 

0 

2 

A 

0.4 

I.M. 

2 

21 . 

. I 

0 

0 

A 

l.Ot 

I.M. 

2 

22 . 

. 3 

0 

3 

SN 

0.6 

I.V. 

4 

23 . 

. 1 

1 

3 

SN 

0 6 

I.V. 

2 

24 . 

. 1 

1 

8 

SN 

0 6 

I.V. 

1 

25 . 

. 1 

0 

4 

SN 

0.6 

I.V. 

2 

20 . 

1 

I 

5 

SN 

0.6 

I.V. 

2 

27 . 

2 

0 

4 

SN 

0.6 

I.V. 

2 

28 . 

. 1 

1 

3 

A 

O.S 

I.V. 

1 

29 . 

2 

0 

3 

A 

0 S 

I.V. 

2 

30 . 

. I 

0 

2 

A 

0 4 

I.M. 

2 

31a . 

2 

0 

3 

A 

0.6 

I.V. 

2 

316 . 

2 

0 

4 

A 

l.Ot 

I.M. 

5 

32a . 

. 3 

I 

4 

SN 

0 6 

I.V. 

3 

325 . 

. 1 

I 

1 

A 

1 ot 

I.M. 

3 

33a . 

4 

1 

4 

SN 

0 6 

I.V. 

3 

336 . 

4 

1 

1 

SN 

0 6 

I.V. 

2 

* A, atabrine dihydrochloride. 
t SX, SX 0911 base. 
t 0.4 pm. on 1st day, then 0.2 gm 

. daily for 3 days. 





was 56.3 (range 47 to 6S.1) kilos. The 
standards used were prepared on the basis 
of the 5 mg. of bromsulphalein per kilo of 
body weight test do.^e. Daily thick smears 
for malaria parasites were made, examined 
and graded on the basis of -f 1 (rare to few), 
-f2 (moderate number), -f3 (many), -f4 
(loaded). Oral temperatures were taken at 
4 hour inten'als. In order to determine 


Results. There was retention of 
bromsulphalein during the febrile period 
in all 36 attacks of malaria in 33 subjects. 
The retention ranged from 5 to 50(7 and 
averaged 16.6(7. It disappeared in 23 of 
the 36 attacks within 96 hours, and in 
9 attacks within 96 to 192 hours after 
the institution of therapy. In the remain- 
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ing 4 attacks, which were associated with 
mild scleral icterus (Cases 8, 11, 22 and 
27), the retention decreased but did not 
clear up entirely during the 8 days ob- 
servation period following therapy (Tables 
1 and 2, Fig. 1). The average duration 
of fever after the institution of therapy 


because in each case a recent attack of 
malaria had been treated with an inade- 
quate amount of atabrine, and the patient 
was being retained in the hospital in 
expectation of a recurrence. Cases 12, 25, 
316, 32a and 336 had no retention before 
they became febrile. In 3 other patients. 


Table 2. — Results of the Bromsulphalein Test Before and After Treatment 


Case 

No. 

1 



Temperatuie in 
° F. at time of 
test immediately 
before instituting 
treatment 

. . 103.2 

Duration of 
fever in 
hours after 
beginning 
treatment 

16 

2 



. . 102.2 

20 

3 



. . 104 2 

36 

4 



. . 104 2 

32 

5 



. . 103 8 

32 

6 



. . 103 2 

16 

7 



. . 104 8 

36 

8 



. . 105 6 

28 

9 



. . 105 5 

16 

10 



. . 104 5 

12 

11 



. . 105 0 

20 

12 



. . 103 5 

24 

13 



. . 105 0 

84 

14 



. . 104 2 

80 

16 



. , 104 2 

28 

IG 



. . 104 0 

40 

17 



, . 104 0 

28 

18 



. . 103 5 

20 

19 



. . 103 5 

36 

20 



. . 101 2 

24 

21 



. . 105 2 

16 

22 



. . 105 2 

40 

23 



. . 102 5 

36 

24 



. . 103 5 

16 

26 



. . 104.2 

32 

26 



. . 105.6 

32 

27 



. . 105 2 

72 

28 



. . 104 0 

16 

29 



. . 103 2 

24 

30 



. . 104 0 

36 

31a 



. . 104.2 

24 

316 



. . 101 2 

20 

32a 



. . 106 0 

36 

326 



. . 105 0 

12 

33a 



. . 104 0 

64 

336 



. . 102 5 

40 


Cases 8, 11, 22 and 27 had evidence of mild 
retention of dye before tliey became febrile. 


Bromsulphalein retentiorf (%) 


Immediately 



After treatment 

Time in days 



treatment 

" 1 

2 

3 

4 

5 

G 

7 

s' 

15 

. . 

5 

, . 

0 





5 

, , 

0 







15 


5 

0 

0 





35 

20 

10 

5 

0 





50 

20 

8 


0 





10 


0 





, 


20 


5 

0 






28 


8 


, 

5 

, 

10 

5 

12 


0 

, , 


0 




15 



0 






15 


io 


, 

5 


5 

3 

7 



5 


0 




25 

20 


10 


5 

0 



35 


18 


io 


5 

0 

0 

15 


12 


10 

2 

0 



12 

io 




10 



0 

5 


6 







10 

5 

0 







15 

10 

5 

0 






10 



0 






22 

10 

5 

0 

0 





30 

20 

13 

10 

10 

7 

11 

8 

5 

15 

8 

5 

0 

0 





10 

15 

10 

5 

0 





8 

0 

0 







5 

0 








50 

50 

50 

50 

20 


15 


5 

10 

5 

0 

0 

0 

6 




10 


5 

0 

0 

0 




25 

15 

10 

5 

0 

0 




15 


5 

0 






20 

7 

0 

0 






6 

, 

0 







9 

, 

0 







15 


6 


0 





5 

•• 

0 







jaundice. Cases 12, 25, 

316, 

32a 

326 and 

336 had 

no 


was 31.7 (range 12 to 84) hours. The 
smear in the average case was negative 
on the 2.1 (range 1 to 5) da 3 % Thus the 
dye test became negative 47.6 (range 8 
to 152) hours after the fever subsided. 

In 6 instances bromsulphalein tests were 
performed before, during and after mala- 
rial fever. TJie pre-fever test was possible 


Cases 10, 13 and 24, a retention of 2, 3 
and 5 % was observed when the test was 
performed during tlie onset while the daily 
temperature undulations were low (98.6 
to 100.5° F.). Subsequently when the 
fever became higher (103.5° to 105° F.) 
the retention increased to 15, 25 and 10 % 
respectively. The observations on the 
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above 9 cases demonstrated that dye re- 
tention was absent before, slight while 
the fever was low, and more marked after 
the malarial fever became well established. 

The degree of dye retention in the 
average case appeared to depend on the 
severity of the infection as judged by the 
length of time the 'patient had had fever 
prior to receiving therapy as well as by 
the length of time it took for the tem- 
perature to become normal after institu- 
tion of treatment. The average dye re- 
tention in 19 cases who had fever for 1 
to 3 days was 13.8% (range 5 to 30) as 
compared to 21% (range 5 to 50) for 


tion in the former group (23 attacks) ■«'as 
18.3% (range 6 to 50) as compared to 
14 % (range 5 to 50) in the latter (13 at- 
tacks). There appeared to be no correla- 
tion between the degree of dye retention 
and the presence or absence of splenome- 
galy, anemia or the speed at which the 
parasites disappeared from the peripheral 
blood after treatment was started. 

In the 3 subjects in whom fever was 
induced artificially by means of typhoid 
vaccine, the test revealed no dye reten- 
tion on the day prior to induction of fever. 
During tlie height of the fever, retention 
of 15 to 20% occurred in all 3 instances. 




Fig. 1. — A comparison of the dye retention cun'cs reveals a more prolonged period of dye retention 
in Case 27 who had scleral icterus prior to institution of therapy. Treatment in both eases was admin- 
istered on day (0). -A similar prolonged period of dye retention was also observed in Cases S, 11 and 22 
(Table 2) who bad scleral icterus but in whom the fever subsided more promptlj" in response to therapy 
than in Case 27. 

Fig. 2. — A comparison of the dye retention curves reveals that the test became negative more promptly 
in Case 4 than in Case 14. Case 4 had a less severe infection as judged by n more prompt subsidence 
of fever in response to thenapy which was instituted on day ( 0 ) in both instances. 


17 cases who had fever for 4 or more days. 
In the 11 cases who had retention of 20% 
or more, the average duration of fever 
after the beginning of therapy was 43.2 
(range 16 to 84) hours as compared to 
26.7 (range 12 to 64) hours for the re- 
mainder who had 15% or Jess (Table 2, 
Fig. 2). There was no remarkable cor- 
relation between the degree of dye reten- 
tion and the height of fever prior to 
therapy in individual cases, aitliough the 
average dye retention in cases with tem- 
peratures of 104° F. or more was slightly 
greater than in those with temperatures 
less than 104° F. The average dye reten- 


The period of induced fever lasted 7 to 
9 hours. Tests, performed at 1 to 2 day 
intervals thereafter, revealed a gradual 
decrease in retention until it was no longer 
demonstrable on the 3rd to the 4tli post- 
febrile day (Table 3, Fig. 3). 

CoMME.VT. The following observations 
suggest that the dye retention observed ii 
P. falciparum malaria is related to t\v 
fever: (1) retention was absent befon 
fever occurred, slight during the lov 
febrile state of the onset stage, mon 
marked at the height of the fever, anc 
disappeared within a few days after thf 
fever subsided in response to therapy; 
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(2) retention was more persistent in those 
cases in whom the infection was more 
severe; (3) dye retention was produced 
l)y artificially induced fever in apparently 
normal subjects. 

The demonstration of transient dye 
retention in all of our non-jaundiced mala- 
rial patients and of the failure of the dye 
test to become negative in cases with 
mild scleral icterus as promptly as in 
those without clinical icterus, indicates 
that most cases of malaria have a transient 


may exist because the liver becomes palp- 
able in a large percentage of cases of 
P. Jalciparum infection during the febrile 
stage. The enlargement disappears as 
the attack subsides. Central and mid- 
zonal atrophy or necrosis have been ob- 
served in the sections of livers of fatal 
cases."* 

In comparing the results reported in 
this communication with those of others, 
it should be kept in mind that our patients 
had natural P. falciparum malaria, that 



0 A r s 

Fig. 3 



Fig. 3. — Curve of dye retention in subject who had fever induced on day (O) by means of typhoid 
vaccine. The period of fever lasted 8 hours. 

Fig. 4.— The fever curve and results of the bromsulphalein test in Case M. F., admitted to the Uni- 
versity of Pennsylvania Hospital. The patient developed an attack of P. vivax malaria 4 months 
after discontinuing atabrine suppression treatment. He presumably contracted the infection in the 
I. B. theater. The febrile spikes in the figure are the third and fourth of the attack. Antimalarial 
trcaitncnt was started at the height of the last febrile spike. The curves clearly show that the dye 
retention is greatest when the patient is febrile. They also show that when the amount of dye in the 
blood stream is determined 45 minutes after injecting the test dose, very little or no retention may 
be found when the 30 minute sample still shows retention. On the 10th postfebrile day (indicated by 
arrow), when the 30 minute blood sample showed a 2% retention and the 46 minute sample was nega- 
tive, the thimiol turbidity (3.5 units) and flocculation (+2) tests were positive. The thymol tests 
irrovided additional er-idence that the disease process affecting the liver was still slightly active. 


impairment of dye excretion, but that 
some cases may have a more persistent 
impairment. It may be tltat both groups 
have the same hepatic lesion but in dif- 
ferent degrees of severity. The develop- 
ment of moderately severe, non-hemolytic 
jaundice has been noted in therapeutic 
malaria*’^'*® and does occur in natural 
malaria, ^^e have no evidence of tlie 
nature of tlie microscopic changes in the 
li\ er during an ordinary attack of malaria. 
It is logical to assume tliat some changes 


the initial dye tests were performed while 
the patients were febrile, and that the 
amount of dye remaining in the blood 
stream 30 minutes after injecting the test 
dose was determined. Practically all of 
the reports in the literature on the brom- 
sulphalein test in malaria have been on 
induced or on relapsing F. vivax malaria. 
These are characterized by a different 
t 5 T)e of fever curve than that which oc- 
curred in our cases in whom the fever was 
of the sustained type and which, despite 
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daily undulations, rarely dropped to nor- 
mal until the attack was terminated. In 
relapsing or in induced P. vivax malaria, 
the temperature curve is characterized by 
febrile spikes on alternate days, the inter- 
vening days being free of fever. If' the 
dye test is performed on an afebrile day, 
there is apt to be less dye retention than 
when the test is performed during the 
febrile spike. Furtiermore, if one deter- 
mines the amount of dye remaining in 


reported by Lippincott and his associates.* 
An additional factor was their failure to 
differentiate significant low degrees of re- 
tention from those which they considered 
of no significance because similar values 
were found in their control subjects. 

Summary. Retention of injected brom- 
sulphalein dye was observed in cases of 
natural P./c/ciparam malaria. Retention 
was absent during the prefebrile stage, 
slight during the onset and moderate dur- 


Table 3. — Bromsulphalein Retention Before, During anb After Artificially 

Induced Fever 


Maximum oral Duration 
Case temperature of fever 

No. attained (hours) 

A 101 0 8 

B 101 6 7 

C 101 2 9 


the blood stream 45 minutes after the 
injection of the test dose on an afebrile 
day, there may be little or no retention, 
whereas a 30 minute test sample may 
show significant retention (Fig. 4). The 
determination of the amount of dye in 
the 45 minute sample of blood, as well 
as the performance of the test on afebrile 
daj's may be at least 2 of the factors 
responsible for the low incidence of posi- 
tive tests in relapsing P. vivax malaria 


Bromsulphalein retention (%) 


Before 
induction 
of fever 

At height 
of fever 

Time in days after day on 
which fever w'as induced 

1 

tj 

3 4 

0 

20 

13 

0 

0 

0 

15 

10 


5 0 

0 

15 

10 

tr. 

0 


ing the height of the fever. It disap- 
peared in 2 to 3 days after tlie fever sub- 
sided in response to therapy. The greater 
dye retention was present in cases in 
which the fever was Iiiglier or had lasted 
a longer time, and in those who responded 
less promptly to therapy. The dye reten- 
tion was reproduced in apparently normal 
subjects by inducing fever by means of 
typhoid vaccine. 
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RHEUMATOID ARTHRITIS 

IV. Hemolytic Streptococcus Precipitin Reactions* 

By Allan D. Wallis, M.D. 

RESEARCH FELLOW IN ARTHRITIS 
PHILADELPHIA, PENNSYLVANIA 

(From the Departments of Orthopocdic Surgery and Physical Medicine, University of Pennsylvania) 


Dissatisfaction with the obscurity of 
the role of the hemolytic streptococcus in 
the pathogenesis of rheumatoid (atrophic) 
arthritis has prompted a search of the 
patients’ sera for precipitins against vari- 
ous streptococcal fractions. Reports have 
appeared on reactions with the following 
as test antigens: nucleoprotein fractions 
designated “D” and “K”,®-® the C-carbo- 
hydrate characteristic of Group A,® ® the 
same C-carbohydrate more highly puri- 
fied,^'® crude extracts (by Lancefield’s heat 
and HCl method®) of streptococci of 
Group A,^'®-'^'® an alcohol-precipitable frac- 
tion from crude extracts of Group A® and 
crude extracts of Groups B through G.^'® 
With all the various fractions of the 
Group A hemolytic streptococcus, rheu- 
matoid arthritis sera were found to react 
more strongly than did control sera from 
patients who had neither rheumatoid 
arthritis nor a recent streptococcal infec- 
tion. Testing arthritis sera against ex- 
tracts of other groups, Dawson and 01m- 
stead® noted occasional reactions which 
were regarded as lacking significance. 
They concluded that the “ precipitin reac- 
tions in rheumatoid arthritis sera are 
characteristic for Group A hemolytic strep- 
tococci.” Chasis and McEwen^ found a 
higher incidence of “cross-reactions” be- 
tween arthritis sera and extracts of groups 
other than A. These reactions they 
attributed to an antigenic constituent com- 
mon to the various groups. 

Recent observations” have cast doubt 
upon supposedly specific reactions in which 
the scrum of this disease takes part. We 
have therefore reexamined the foregoing 
experimental results and their interpreta- 
tions. Because they help to illuminate 


the behavior of rheumatoid arthritis 
serum, the precipitin reactions with crude 
extracts of streptococcal Groups B through 
G will be taken up first, with special 
attention to the saline control tube. The 
reactions of arthritis sera with Group A 
fractions will then be reevaluated. 

Materials, Bacteria and Cidhire Media. 
The Group A hemolytic streptococcus strains 
Tho and Atk were freshly isolated and ap- 
parently pathogenic. They were provided 
by the Laboratory of the Philadelphia Gen- 
eral Hospital. The Group B strain K151A 
was furnished by Dr. Stuart Mudd, and the 
Group C strain Hen and the Group D strains 
Cl and C745 by Dr. Ruth Miller. Dr. 
Rebecca Lancefield supplied the remaining 
strains: Group B, V8; Group C, K104; 
Group E, K131 and K129; Group F, F67 
and H127; Group G, D166B and F68A. 
We wish to thank all these donors. The 
media for keeping stock cultures and for 
growing organisms for extractions were 
those previously described.*® The stocks 
were subcultured once in 3 months. 

Crude Extracts of Hemolytic Streptococci. 
Ten cc. of the tryptone glucose yeast-extract 
broth in a test-tube were inoculated with 
1 cc. of stock culture and the tube was 
placed in a water-bath at 37° C. The level 
of water in the bath was at about one-third 
the height of the broth, in order to speed 
convection currents. After 6 hours this seed 
culture was added to 500 cc. of the same 
broth in a 2 liter Erlenmeyer flask, which 
was (air) incubated overnight. The culture 
was then plated for purity. The bacteria 
were collected in the centrifuge and e.xtracted 
bj’’ Lancefield’s® method (resuspended in 
10 cc. of N/20 HCl in saline; boiling water- 
bath 15 minutes; supernatant neutralized 
and precipitate discarded). “Merthiolate” 
(sodium ethyl mercuri thiosalicjdate, Lillj^) 
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in final concentration 1:10,000 was added 
as preservative. 

C-substance, the Group-spedfic Carbohy- 
drate of Group A Hemolytic Streptococcus. A 
supply of this polysaccharide as prepared 
and purified liy the method of Zittle and 
Harris'^ was kindly provided by Dr. T. N. 
Harris, to Avhom our thanks are due. 


were incubated in a water-bath at 37° C. 
for 2 hours, refrigerated overnight, centri- 
fuged at 1700 r.p.m. for 10 minutes, and 
read. The stronger of the precipitates in 
each pair of antigen tubes is recorded. This 
was usually in the tube containing 0.2 cc. 
of antigen. 

For the tests recorded in Table 3, 2 X 10“^ 


Table 2.— Pkecipitation of Chude Extracts of Groups A and G by Non-arthritis Sera 


Patient 

Age of 
serum 
(days) 

Group 

A 

Tho 

Group 

G 

D166B 

Saline 

control 

Patient 

Age of 
serum 
(days) 

Group 

A 

Tho 

Group 

G 

D166B 

Group 

G 

■F68A 

Saline 

control 

1. Alat 

52 

0 

9 

o 

19. Sel 

56 

9 

+ 


o 

2. Bar 

51 

“h "i* "t" 

4~ 

o 

20. Ste 

56 

O 

fl tr 


0 

3. Wea 

51 

0 

-f + 

o 

21. Val 

56 


+ 

• • 

o 

4. Cra 

51 

+ 

O 

o 

22. Spe 

2 

0 


• 

o 

h. Mon 

54 

52 

o 

9 

o 

23. Kee 

2 

o 


4- 

o 

6. Alaz 

0 

j 

0 

24. Rob 

2 

0 


+ 4“ 

o 

7. Kail 

54 

o 

O 

o 

25. And 

o 

o 


o 

o 

8. Mor 

54 

o 

+ 

0 

26. Stv 

2 

de 


9 

o 

9. Bru 

51 

o 

fl tr 

0 

27. For 

2 

o 


+ 

o 

10. Axl 

54 

+++ 

+ -f + 

o 

28. Moe 

2 

0 


o 

0 

11, Hop 

54 

9 

fl tr 

o 

29. Nar . 

1 

+ -f 


•f -1-4- 

o 

12. McN 

52 

9 

+ -f- 

o 

30. Pri 

1 

+ 


+ 4-4- 

o 

13. Cha 

52 

O 

o 

0 

31. Lut 

1 

0 



o 

14. Vec 

57 

+ 


0 

32. Cla 

1 

0 


o 

o 

15. Has 

56 

o 


o 

33. Lan 

1 

ds 


+ 

o 

10. Hal 

56 

o 

0 

o 

34. Trii 

1 

o 


o 

0 

17. Har 

56 

fl tr 

+ 

0 

35. Hog 

1 

0 


0 

0 

ik Per 

56 

0 


0 








These teste were centrifuged. 
Symbols ns in Table 1. 


Tablf. 3.— Precipitation of C-substance of Group A Hemolytic Streptococcus by 

Representative Arthritis Sera 
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I'heso tests were not centrifuged. The columns of symbols recorded for each serum represent readings at successive 
daily intervals beginning J day after the testa were .set up. 

Interpretation of symbols: 

Ihsible only with re.ading glass: Without reading gla.s.s: 

o = negative f = faint trace ± = weakest visible 

? = tloubtful t = trace + = next stronger 

v = very faint trace h = heavy trace 


Sera. These have been described else- 
where.’- Additional sera from patients with 
typical rheumatoid arthritis were obtained 
in the Dispensarj'’ of the Jefferson Hospital. 
The donors of non-arthritis serum were free 
from knoini recent hemoljdic streptococcal 
infection. 

Methods. Precipitation Tests. In the tests 
recorded in Tables 1 and 2, each antigen 
was used in amounts of 0.2 and 0.05 cc. 
Tiiese volumes were made up to 0.4 cc. with 
physiologic salt solution. Tlie saline control 
tube contained 0.4 cc. of physiologic salt 
solution without antigen. One-tenth cc. of 
serum was added to each tube. The tests 


and 2 X lO”* dilutions of antigen were used. 
The procedure otherwise was as above 
through the overnight refrigeration. Daily 
readings without centrifugation were made 
by the method previously described.’^ 

Experiaiental. Precipitation with 
Crude Extracts of Groups Other Than A. 
The sera in Table 1 have been grouped to 
show that the positive reactions between 
arthritis sera and crude e.vtracts of 
Groups B through F tend to be of an all 
or^ none character. A positive reaction 
■rn’th any of these groups is apt to be 
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accompanied by positives in others. Fur- 
thermore, we wish to emphasize the fact 
that all are negative only when the saline 
control is frankly negative, as in the first 
18 sera. 

The sera numbered 26 through 29 illus- 
trate the relation of age of serum to the 
response in the saline control and lienee 
to the reactions with e.\'tracts of Groups B 
through F. ^'iTen tested early the reac- 
tions with saline and with bacteria) e.\'- 
tracts were both negative. After the 
lapse of some weeks both were positive. 

Table 1 also shows that the reactions 
with e.xtracts of Groups B through P not 
only tend to become positive when the 
saline tube is positive, but often show 
stronger positives than the latter. 

From Table 1 the following inferences 
may be drawn: 1. Rheumatoid artliritis 
sera do not precipitate with crude e.xtracts 
of hemolytic streptococci of Groups B 
through F prowded the saline control 
tube is frankly negative. 

2. WTien precipitation with saline oc- 
curs, the precipitate vdth bacterial e.\'tracts 
is apt to be even stronger than with saline. 

The importance of these factors in inter- 
preting precipitin reactions involving rheu- 
matoid arthritis serum is obvious. In 
this connection, 2 generalizations become 
probable : 1 . The precipitation of arthritis 
serum liy saline may be enhanced by non- 
specific adsorption of a heterologous anti- 
gen. This could be mistaken for a genuine 
antigen-antibody reaction. 

2. By this mechanism of enhancement, 
a senim might appear negative in the 
saline control tube and weakly positive in 
the presence of heterologous antigen. 
Misinterpretation would be still more 
likely in this case. 

The high incidence of positive reactions 
between crude extracts of streptococci of 
Group G and arthritis sera loses signifi- 
cance in %new of the frequency of positive 
reactions between these extracts and non- 
arthritis sera, shown in Table 2. Precipi- 
tins for Group G were not found in control 
sera by Dawson and Olmstcad- or Chasis 


and McEwen,* presumably because of 
differences in the strains used. 

Precipitation with Crude Extracts of 
Group A. The interpretation of the reac- 
tions between arthritis sera and crude e.v- 
tracts of Group A as reported in the 
literature is complicated by the question 
of the response of control sera. Reports 
of the ability of control sera to precipitate 
crude extracts of Group A present conflict- 
ing evidence. Thus, there is 1 report' of 
positive results in 24% of sera from 21 
normal persons; another,' 6 normal sera, 
all negative; another,- 32 non-arthritis sera 
with strong precipitins only after strep- 
tococcal disease; and another,* 22 normal 
sera, all negative. The last-named tests 
alone were not centrifuged. Our own 
observations of centrifuged tests, shown 
in Table 2, are in agreement with the first- 
named, i. e., about one-quarter of indi- 
viduals who have neither rheumatoid 
arthritis nor a recent hemoh’tic strepto- 
coccal infection may be expected to hav'e 
in their sera precipitins for crude extracts 
(of selected strains) of hemolytic strepto- 
cocci of Group A. 

Strain differences may account partially 
for the discrepancies in the reported results 
with control sera. Upon repeating the 
work of Kci! and Hartung* on the reaction 
of rheumatoid arthritis sera with antigens 
precipitable by .3 volumes of alcohol from 
crude extracts we found that the same 
sera do not respond equally well with anti- 
gens prepared from different strains of 
Group A hemolytic streptococcus. Fresh- 
ly isolated pathogenic strains gave the 
strongest results. On 2 occasions, strains 
lost this reactivity after about 10 months 
sis laboratory stocks. 

Comparison of the Group A columns in 
Tables 1 and 2 shows that, while some 
non-arthritis sera have greater ability to 
precipitate a crude Group A extract than 
some arthritis sera, arthritis sera generally 
have more potency in this respect than 
non-arthritis sera, even when the saline 
control tube is negative. 

Precipitation with C-suhslancr of Group 
A. .Although cnide extracts of Group .A 
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organisms contain C, the precipitates 
recorded in Table 2 are due to anti- 
bodies other than anti-C. The alcohol- 
precipitable antigen of Neil and Hartung® 
has essentially the same serologic activity 
with arthritis and non-arthritis sera as its 
parent crude extract, but it contains no 
C, provided the original crude was pre- 
pared by the Lancefield® HCl method. 
(When the crude is obtained by Fuller’s^ 
hot formamide extraction of microorgan- 
isms, the 3-volume alcohol precipitate will 
contain some C. Formamide at 150° C. 
is a much more efficient agent for bacterial 
disintegration than N/20 HCl at 100° C., 
and 3 volumes of alcohol will precipitate 
some C from a solution rich in C, but not 
from one poor in C.) The absence of C 
in a 3-volume alcohol precipitate from a 
HCl extract is shown by its failure to 
react with rabbit antiserum (Lederle) 
containing anti-C, prepared by immuniza- 
tion with the whole streptococcus. The 
C-substance can be precipitated from this 
alcohol supernate by the addition of an 
equal volume of acetone. IVlien redis- 
solved in a volume of saline equal to that 
of its parent crude extract, its optimal 
zone for precipitation with rheumatoid 
arthritis serum is more than 40 times as 
dilute as that of the original crude extract 
as set up in Table 1. This indicates that 
the results shorni in the Group A column 
of Table 1 are not due to anti-C. 

Rheumatoid arthritis serum tends to 
give a more delicate precipitate with the 
C-substance than with a crude extract of 
Group A. In estimating its ability to 
precipitate C we have resorted to the 
method used previously^- for antibodies 
against a pneumococcus carbohydrate frac- 
tion. In this procedure, prolonged ob- 
servation with special visual aids is 
substituted for centrifugation. Sera from 
26 patients with typical rheumatoid arthri- 
tis were examined in this way. Character- 
istic results are shown in Table 3. All 
the observed types of response are repre- 
sented in the table. It will be noted 
that whenever precipitation occurred with 
the antigen, the saline control tube failed 


to remain frankly negative, usually becom- 
ing positive within 1 day or 2. The pre- 
cipitate in the presence of C exceeded that 
in the saline control tube by 2 or more 
gradations in 12 sera (positive), by 1 
gradation in 7 sera (weakly positive or 
doubtful), and did not exceed in 7 sera 
(negative). Although the precipitation of 
arthritis serum in saline tends to increase 
with the age of the serum,'^^ this factor 
did not appear to exert a major influence 
on this experiment, as 8 of the 12 positive 
sera were not over 1 week old and the 
negatives included samples up to 83 days 
old. 

The non-arthritis sera which had pre- 
cipitated with a crude extract of Group A 
(Table 2) were set up against the same 
strengths of C as in Table 3. These were 
made in duplicate : 1 tube was centrifuged 
at 24 hours; the other was read with the 
reading glass daily for 9 days and then 
centrifuged. There was good agreement 
between the duplicate tubes. Only those 
sera which were positive upon centrifuga- 
tion at 24 hours showed precipitates in 
the prolonged observation, including the 
centrifugation at 9 days. These positives 
were 2 in number, from Patients 4 (Cra) 
and 26 (Sty). The remaining non-arthritis 
sera, which had given no precipitate with 
a crude extract of Group A, were then set 
up against the same amounts of C and 
centrifuged at 24 hours All were negative 
Avith the exception of 2, which were weakly 
positive. Of the 15 non-arthritis sera 
which received prolonged observation with 
the reading glass, 13 had frankly negative 
saline control tubes. Particles resembling 
those frequently seen in arthritis sera oc- 
curred in the control tubes of Patient 4 
(Cra) (antigen tube positive on centrifu- 
gation) and Patient 29 (Nar) (antigen 
tube negative on centrifugation). 

Summary of Experimental Results. 
l\ith crude extracts of hemolytic strepto- 
cocci of Group A, precipitates are formed 
by some arthritis sera and by some non- 
arthritis sera. Both the incidence and the 
intensity of these precipitates are greater 
with the arthritis sera. 
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^\ith purified C-substance of Group A, 
the discrepancy between arthritis and non- 
arthritis sera is greater, precipitates i\'ith 
the latter occurring much less frequently. 
However, positive reactions ndth arthritis 
sera are usuan3- accompanied by a positive 
saline control. 

With crude extracts of streptococci of 
Groups B through F, arthritis sera do not 
give a \nsible reaction provided the saline 
control tube is franklj’ negative. The 
response of arthritis and non-arthritis sera 
to crude extracts of the 2 strains of 
Group G used in these experiments is 
comparable to the reactions with crude 
extracts of Group A. 

Discussion. E\’idence has been pre- 
sented elsewhere’- indicating that sera 
from patients i\'ith rheumatoid arthritis 
ha\'e the ability’- to enhance the action of 
norraallj' present precipitins for a somatic 
carbohydrate of the pneumococcus. The 
occurrence of these precipitins in normal 
serum is attributable to the frequent 
presence of the pneumococcus in normal 
human throats. The same reasoning is 
applicable to the existence of Group A 
hemolytic streptococcus precipitins in nor- 
mal and arthritis sera and their enhance- 
ment in the latter. 

The human nasophari'nx is probabl.v the 
natural reservoir of the Group A hcmoi.vtic 
streptococcus. Surve.ving examinations 
made in different parts of the world. Hare’’ 
collected reports of .a74 strains of hemo- 
lytic streptococci recovered in nasopharrm- 
geal cultures of 3102 prcsumabl.v normal 
indi%'iduals. Tlic strains which had been 
grouped were listed as follows: A, 216; 

B, 15; C, S4; D, 1; E, 0; F and G together 
(mosth- G), 119; H, 27; K, S. When the 
predominance of Group .A. strains in the 
normal nasophariTix is viewed in the light 
of the non-specific enhancing property” of 
rheumatoid arthritis serum, the conclu- 
sion of Dawson and Olmstead* that “pre- 
cipitin reactions in rheumatoid arthritis 
sera are characteristic for Group A hemo- 
htic streptococci” no longer connotes a 
strcptococciil etiology for this disease. 

The incidence of precipitins in non- 


arthritis sera makes the foregoing argu- 
ment more applicable to the reactions with 
crude extracts of Group A than to the 
reactions with the C-substance of Group A. 
To increase its plausibility in relation to 
the latter reactions, 3 lines of evidence 
may be cited: 

1. The C-precipitate is nherently less 
robust than the crude extract precip- 
itate, whether bv arthritis or non-arthritis 
serum. This is probabl.v due in part 
to its refinement, with the elimination 
of adsorbable protein impurities. The 
same explanation presumabty accounts 
for the fact that precipitation of the 
nucleoprotein fractions D and K”-® is 
stronger than precipitation of C. 

2. Precipitation of C b^' arthritis sermn 
is more dependent on precipitation in the 
saline control tube than is cnide extract 
precipitation bj' the same serum. This 
suggests that non-specific adsorption of 
antigen ma.v pla.v a part in these precipi- 
tates, once the.v liave been initiated b.v 
feeble precipitins. 

3. The ability of arthritis sera to precipi- 
tate C, as reported by Dawson, Olmstead 
and Jost,* varies directly with their strep- 
tococcus agglutinin tilers. The correlation 
is not perfect for individual sera, but the 
trend is unmistakable. As agglutinin titers 
decrease, C-precipitins (at best, positive 
in le.'u; than half the sera) fall off sharply. 
The authors interpreted this parallelism 
as an indication that a genuine antigen- 
antibod.v mechanism is operating. How- 
ever, the parallel can also be interpreted 
as the result of a non-specific enhancing 
property influencing both reactions. The 
same parallel occurs between strcptococcu.^ 
agglutinins and precipitins for cnidc ex- 
tracts of Group A.- * It is likelj' that other 
obsers’ers’-’’* were guided, perhaps iinin- 
tentionalty, b\' this parallelism in selecting 
“representative” arthritis sera for the 
stud.v of precipitins. 

Haxdng the opinion’” that rheumatoid 
arthritis is not of streptococcal origin and 
at the same time confronted %rith an 
apparent excess of anti-C in the patients 
sera, we have given serious consideration 
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to the possibility that the disease process 
might produce in the patient’s tissues an 
abnormal substance which happened to 
be the antigenic equivalent of C. . Because 
of circumstances which will be described in 
a subsequent paper, C would fit into such a 
concept with peculiar facility. However, 
this concept appears improbable in the 
light of the interpretation of precipitins 
presented above. 

Summary. The ability of rheumatoid 
arthritis serum to precipitate crude ex- 
tracts of Group A hemolytic streptococci 
appears to be due to an enhancement of 
the action of normally present antibodies. 
This enhancement can occur even though 
the saline control tube is negative. 
When the non-specific serologic enhancing 
power of arthritis serum is strong, render- 
ing the saline control tube actually or 


potentially positive, precipitates may oc- 
cur with crude extracts of streptococci 
of' groups other than A. These are inter- 
preted as being due to non-specific adsorp- 
tion of heterologous antigens. Both fac- 
tors, the enhancement of action of nor- 
mally present antibodies and the non- 
specific antigen adsorption, may be active 
in the precipitation of arthritis serum with 
the C-carbohydrate of Group A strepto- 
cocci, where normal precipitins are feeble. 
The apparent selectivity of rheumatoid 
arthritis serum for streptococci of Group A 
is attributable to the higher incidence of 
this group as inhabitants of the normal 
human nasopharynx. 

Conclusion. It is unlikely that the sera 
of patients with rheumatoid (atrophic) 
arthritis contain a genuine excess of 
hemolytic streptococcus precipitins. 
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from the National Foundation for Infantile Paralysis, Inc. The use of the facilities of the Harrison 
Department of Surgical Research and of the Departments of Anatomy and Bacteriology and the tech- 
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It is well established that tlie sera of a 
large proportion of patients with typical 
rheumatoid (atrophic) arthritis of more 
than one year’s duration possess the ability 
to agglutinate selected strains of the Group 
A hemolytic streptococcus to a degree far 
in excess of normal sera. The reports on 
this topic have been summarized by Cecil 
and deGara.- There is general agreement 
that this ability bears a direct relation to 
the duration and intensity of the disease. 

It is therefore paradoxical that there 
should exist a large body of evidence 
against a streptococcal origin for rheuma- 
toid arthritis. This evidence has been 
summarized" under three headings; 1. 
bacteriologic: the repeated failures to 
recover hemolytic streptococci from the 
blood of the patients; 2. clinical; the 
ehronicity of the active stage of the 
disease, its tendency to symmetry, and 
the ineffectiveness of sulfanilamide and 
penicillin; and ,3. serologic: the absence of 
antibodies against streptococcal hemolysin 
and fibrinolysin. 

The key to the solution of this dilemma 
appears to lie in the recent observation'- 
that arthritis scia wiu’ch possess high 
agglutinin titers are also apt to have the 
ability to agglutinate suspensions of fine 
collodion particles, even though the par- 
ticles have not been sensitized by exposure 
to an antigen. Tliis phenomenon is prob- 
ably a non-specific flocculation analogous 
to such reactions as the Takata-.\ra and 
cephalin-cholcsterol. It appears to be 
related to the non-sjiccifie serologic en- 
h.ancing property which enables rheuina- 
toiil arthritis scnim to exageerate the 
action of normally present prccipitins for 
pneumococ-cus'’ and streptococcus" frac- 


tions and normally present agglutinins for 
the non-encapsulated pneumococcus.'* 
The purpose of the present paper is to 
suggest that the same mechanism is re- 
sponsible for the potency of rheumatoid 
arthritis sera in agglutinating hemolytic 
streptococci. 

Aside from any non-specific flocculating 
power of the serum, two factors c.xcrt an 
influence upon a reaction of this sort, 
namely 1. the inherent tendency of the 
test-suspension to agglutinate and 2. the 
presence in the serum of antibodies which 
would specifically initiate agglutination. 
Both factors play a part in the agglutina- 
tion of hemolytic streptococci by the 
serum of rheumatoid arthritis. 

1. In the recorded observations of .strep- 
tococcus agglutination liy arthritis serum 
most of the strains of bacteria which have 
been used Juivc been selected for their 
agglutinability. A few favorite strain.s, 
lent by one laboratory to another, have 
reappeared frequently in the reports of 
ilifferent observers. .Strains selected at 
random have often been unsatisfactory. 
It must be pointed out, however, that the 
question of individual strain-agglutina- 
bility has no important bearing on the 
specificity or non-specificity of agglu- 
tination. 

2. There are indications that the sera 
of many normal indiviiluals contain some 
antibodies directed against hemolytie 
streptococci of Group .4. Prccipitins for 
crude extracts of organisms of this group 
(a less sen.-^itive test than agclutination of 
the intact organisms) have been re- 
ported’" in the sera of about 2.'>G of 
persons who have neither rheumatoid 
arthritis nor a recent hemolytic strepto- 


* .\i leU by fmm the Ch-irlottc Drake Carricr.i Foundation of the Jefferson Medi'-.i! C«! 
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roccus infection. The existence of these 
precipitins has been attributed^^ to the 
Kmction of the normal human naso- 
pharynx as a natural reservoir for Group A 
streptococci. Streptococcus agglutinins 
of weak to moderate strength have been 
found in the sera of normal people®'®'^® and 
of patients with a wide variety of diag-' 
noses other than rheumatoid arthritis or 
streptococcal infection.® The incidence 
and strength of these antibodies led Daw- 
son, Olmstead and Boots® to postulate a 
final serum dilution of 1:160 as the lowest 
acceptable as significant in the interpre- 
tation of results with arthritis serum. By 
their criteria a titer of 1 :20 or less is "nega- 
tive,” 1:40 or 1:80 "doubtful” and 1:160 
or higher "positive.” A final serum dilu- 
tion of 1:20 has been the lowest used by 
most observers. The use of lower dilu- 
tions would presumably reveal the exist- 
ence of agglutinins in a still higher per- 
centage of normal persons. 

Proof that rheumatoid arthritis is not 
accompanied by a genuine excess of hemo- 
lytic streptococcus agglutinins would be 
difficult because it would be the proof of 
a negative. The experimental observa- 
tions which follow are recorded for the 
sake of helping to clarify the relationship 
between the streptococcus-agglutinating 
and the collodion-agglutinating abilities 
of rheumatoid arthritis serum. 

Experimental. In our e.xperience, 
successive batches of collodion particles 
prepai-ed b;^^ the method of Cannon and 
Marshall,* are apt to vary in stability and 
agglutinability. In final serum dilutions 
starting at 1:20, most normal sera gave no 
agglutination of the collodion particle 
suspension. In fact, the suspensions were 
more stable with normal serum than with 
physiologic salt solution. Infrequently a 
normal” human serum was encountered 
with a titer of 1 :20. Controlling each 
batch of jjarticles with normal human 
serum and with potent arthritis serum, we 
have found that agglutination of collodion 
particles is not produced by scarlet fever 
evmvalescent scrum (Grouj) A hemolytic 
streptococcus agglutinin titer, against 
strain X\5, 1:320) or by rabbit antiserum 


(Lederle) aroused by immunization with 
intact Group A hemolytic streptococci 
(streptococcus agglutinin titer, 1:640). 
This indicates that the agglutination of 
collodion particles by rheumatoid arthritis 
serum is not accomplished by specific 
action of antistreptococcal antibodies. 
The lack of correlation between these two 
agglutinating properties in individual ar- 
thritis sera has been previously reported . *2 
Furthermore, preliminary complete ex- 
haustion of hemolytic streptococcus agglu- 
tinins in an arthritis serum by absorption 
with the intact organism usually reduced 
but did not abolish the ability of the serum 
to agglutinate collodion particles. In a 
typical experiment, an absorbed arthritis 
serum had a collodion titer of 1:40 while 
an unabsorbed aliquot simultaneously had 
a titer of 1 :320. We interpret this to mean 
that a portion of the collodion-agglutinat- 
ing factor was non-specifically adsorbed 
out during the streptococcus agglutination. 
(Reversing this procedure, preliminary 
adsorption with collodion particles de- 
creased the hemolytic streptococcus agglu- 
tinin titer of an arthritis serum from 1 :640 
to 1:160.) 

Preliminary absorption with non-encap- 
sulated pneumococcus (strain I-192-R), 
Staph, albiis or Strep, viridans likewise 
tended, though not as consistently, to 
decrease the ability of arthritis serum 
to agglutinate collodion particles. The 
greater potency of the hemolytic strepto- 
coccus strain (NY5) as a non-specific 
adsorbent is presumably related to its 
notorious agglutinability. 

Discussion. We visualize the relation 
between the ability of an arthritis serum 
to agglutinate: a, hemolytic streptococci of 
Group A; and b, collodion particles as 
follows. The former ability depends on 
how long and how recently the patient has 
harbored Group A streptococci; the latter 
depends chiefly upon the severity and 
duration of his arthritis. Either, there- 
fore, could exist without the other. When 
both are present, either will enliance the 
action of the other, but the enhancing 
effect of the latter on the former is pre- 
sumably stronger tlian the reverse, because 
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the enhancements are apparently non-spe- rheumatoid arthritis serum, \\hicli h 
cific and the fraction responsible for colio- apparentlj’’ related to the non-specific 
dion agglutination appears to exceed quan- serologic enhancing power of the serum, 
titatively the streptococcus agglutinins. resides in the globulin fraction and that 
Most of the reported observations on byperglohuJinemL'i is characteristic of 
the agglutination of hemolj’tic streptococci rheumatoid arthritis. The relationship 
by rheumatoid arthritis sera have been between altered serum proteins and non- 
made with organisms of Group A. Using specific phenomena analogous to collodion- 
organisms of Groups B through G, Dawson particle agglutination is well established 
and OJmstead"* found that "significant" An elevated serum globulin (or more 
agglutination wms infrequent, according to accurately, a reversal of the albumin- 
their criterion that a titer of 1:160 is the globulin ratio) has been found responsible 
minimal “positive,” with the proviso that for the colloidal gold,® Takata-Ara,^ ceph- 
agglutination must be stronger in the lower alin-cholesterol® and formolgel’® reactions 
than in the higher dilutions. They oh- Summary. The occurrence of relativei\ 
served further that “control sera from a feeble agglutinins for the Group A hemo- 
variety of diseases agglutinated organisms lytic streptococcus in the sera of normal 
other than those of Group A to approx- individuals is attributed to the function 
imately the same degree as did rheumatoid of the normal human nasopharynx as a 
arthritis sera,” and concluded that the natural reservoir for this organism. In 
“agglutination reaction in rheumatoid the presence of rheumatoid arthritis, the 
arthritis sera is one which is highly char- action of these antibodies appears to be 
actcristic of Group A hemolytic strepto- enhanced, in a non-specific manner, by a 
cocci.” This conclusion can be reconciled peculiar property of the scrum. Thi'i 
with our thesis that streptococcus agglu- property is apparently relatc<l to the 
tination by arthritis serum is explicable ability of arthritis scrum to aggiutinate 
as an exaggeration of the action of nor- suspensions of fine collodion particles 
mally present antibodies by pointing out, Conclusion. Tiie weight of c\ iflencf* 
as was done” in the case of streptococcal indicates that the increased abihtx of the 
precipitins, that among hemolytic strepto- sera of patients with typical rheumatoid 
cocci, those of Group A are by far the (atropiiic) arthritis to agclutinate selected 
commonest inhabitants of the normal strains of hemolytic strcpP.»coccus of 
human nasopharynx. Group A is due to a non-specific enhance- 

In a previous paper'® it has been noted ment of the action of normally present 
that the collodion-agglutinating factor in agglutiniiH. 
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During the past decade or so unusually 
encouraging progress has been made in 
the surgical and medical management of 
acute and chronic pulmonary disease. 
Through an intelligent and prompt utiliza- 
tion of new and perfected therapeutic 
techniques and measures we are now able 
to offer a favorable prognosis for survival 
and hope for cure in many pulmonary 
diseases which were preidously considered 
inevitably fatal or doomed a patient to 
chronic invalidism and eventual death. 
Unwarranted delay, unfortunately, or 
actual failure to establish the correct 
diagnosis have only too often deprived 
many patients of the benefits of successful 
therapeutic intervention in pulmonary 
conditions which are amenable to existing 
and available remedial measures. On 
occasion, the most astute clinicians are 
unable to solve some of the more diflScult 
diagnostic problems even after careful 
and prolonged competent study. This 
situation is to be expected and excused, 
but there is no apology for ignorance or 
failure to utilize all existing and available 
clinical and laboratory diagnostic aids in 
conducting an investigation of a pulmo- 
nary disease process. It is the purpose of 
this manuscript to catalogue and discuss 
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briefly those clinical and laboratory pro- 
cedures which, if applied intelligently, will 
help establish accurately and without 
undue delay the correct diagnosis in con- 
ditions involving the lungs. No real ef- 
fort will be made to evaluate the relative 
importance of the various procedures men- 
tioned below, as it is felt that the real 
value of each depends upon its timely 
utilization and correct interpretation in 
the light of all other available facts in 
each individual case, 

L History and Physical Examination. 
A. Routine History. (1) chief com- 
plaint; (2) history of present illness; (3) 
system review; (4) past history; (5) family 
history; (6) marital history; (7) social 
history. Logical investigation of each 
case should begin \vith a brief clear state- 
ment of the patient’s chief complaint fol- 
lowed by a detailed and accurate history 
obtained in a friendly and leisurely man- 
ner in the sequence outlined above. The 
final recorded story of the illness should 
be an integrated simple word picture of 
the information supplied spontaneously 
by the patient to which has been added 
the examiner’s objective observations. 
Each symptom requires careful evalua- 
tion, but the differential characteristics of 
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those which are especially referable to the 
lungs deserve painstaking study and cor- 
related interpretation. Particular em- 
phasis should be placed on such sjTnptoms 
and observations as cough, sputum, hem- 
optysis, dyspnea, orthopnea, wheezing, 
cyanosis, pain in the chest, hoarseness, 
fever, chills, loss of weight, nature of onset 
and progress of the illness, seasonal, di- 
urnal, climatic and geographic variations, 
relation to prevdous illness, and method 
of obtaining relief. Any or all of these 
symptoms and observations when present 
require careful quantitative and qualita- 
tive evaluation of their characteristics so 
that to each may be assigned its rightful 
significance in the over-all clinical picture. 

For example, the symptom cough, unless 
analyzed carefully and its special charac- 
teristics assessed properly, will have no 
significant value in helping to establish a 
correct diagnosis. On the other hand, if 
the differential characteristics of each 
sjTnptom and observation are evaluated 
with diligence, the correct diagnosis is 
suspected or established in many instances 
while the integrated history of tlie present 
illness is being recorded. The history of 
the present illness should not be recorded 
in final form until the physician has con- 
ducted a detailed system re\dew. This 
procedure affords an opportunity for the 
examiner to ask questions which may un- 
earth additional pertinent facts for in- 
corporation in the historj- of the present 
illnc's, or to reemphasize the true sig- 
n ficance of prenously obtained informa- 
tion. The patient’s negative or affirma- 
tive reply to a simple routine question in 
the st'stem review, which on the surface 
seems entirely unrelated to the respiratory 
organs, may frequently supply the missing 
link in a difficult diatmostic problem. 

All too frcrjuently the existence of acute 
or chronic pulmonary fh’=e.a.«e ma.«qucradcs 
behind a nirtain of such biz-arre sympto- 
matology that c\cn the most experienced 
examiner i^ often mlded and completely 
icnorant of the true nature of the di5ca.‘'C 
after the histoiy of the present illness and 
system reriew have l)een c.arefully ob- 


tained. In these instances the true nature 
of the disease process may be clarified or 
suspected while obtaining the past histors 
of the patient. Pulmonary tuberculosis, 
bronchiectasis, and other chronic pulmon- 
ary diseases such as fungus infections maj 
be suggested by a past history of recurrent 
pleurisy, frequent colds and influenza, re- 
current and frequent pneumonia with 
atypical courses, periodic loss of weight 
and energy without obxdous reasons, and 
recurrent bouts of fever and night sweats 
of undetermined origin. A recent history 
of an operative procedure such as a ton- 
sillectomy or tooth extraction, or any 
localized or generalized infection of the 
mouth, tonsils, nasal and oral pharynx 
may focus attention on the possibility of 
a lung abscess, while a history of amebic 
dysentery in the past may actually suggest 
the etiologic agent responsible for the 
pulmonary lesion. Pulmonar}' cmholtsm, 
infarction and metastatic abscesses may 
be suspected if the examiner obtains a 
history of phlebothrombosis, thrombo- 
phlebitis, recent fracture, or severe local- 
ized or generalized systemic infection. 
The history of a childhood illnc-ss compli- 
cated in its convalescent stage by pneu- 
monia or a prolonged cough should inrite 
the consideration of bronchiectasis as the 
diagnosis. Pulmonary abscess, bronchi- 
ectasis, and chronic pneumonitis should 
be considered when one elicits a history 
of esophageal stricture, carcinoma or 
cardiosp.i.sm. The history of the pro- 
longed use of oily nose drops and oily 
cathartics requires the inclusion of lipoid 
pneumonia in the differenti.al diagnosis. 
Recent intense radiation therapy of a 
lesion in the region of the thorax should 
lead one to suspect radiation pneumon- 
itis.’^ “ This complication is cspeci.ally 
frequent following Roentgen ray therapy 
for (xircinoma of the breast. These are 
but a few examples of the obvious value 
of a carefully obtained past history. 

Tlie strictly personal elements in a 
p.aticnt’s history frequently acquire nd<W 
significance when interpreted in the light 
of the family and marital history. Ihi- 
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is especially true of contagious diseases 
such as pneumonia and tuberculosis or 
when a hereditary tendency is uncovered 
to support the possible diagnosis of asthma 
or cancer. In obtaining the family history 
the examiner should not accept unequivo- 
cally the patient’s proffered diagnosis of 
familial illnesses. He should attempt to 
confirm all diagnoses supplied by the pa- 
tient, especially those which may influence 
the ultimate decision in the case. This 
objective may be attained by ascertaining 
and evaluating the signs and symptoms 
personally or by obtaining the information 
directly from the physician who estab- 
lished the diagnosis in question. Unless 
extreme caution is exercised in this respect, 
many serious errors will be committed in 
the name of good medicine. Investigation 
of every diagnosis in this fashion will 
prove many to be misleading and still 
others to be completely erroneous. On 
the other hand, patients will conceal well- 
established and unquestionable diagnoses 
in order to avoid what they consider a 
social onus. This vexing problem is espe- 
cially true of pulmonary tuberculosis. 

Finally, the examiner should obtain the 
patient’s social history. Such pulmonary 
diseases as silicosis, asbestosis, byssinosis, 
anthracosis, bagassosis and arc-welder’s 
disease may be suspected from the pa- 
tient’s occupation. Geographic considera- 
tions may necessitate the inclusion of coc- 
cidioidomycosis, echinococcal disease and 
other conditions in the differential diag- 
nosis. Psittacosis should be included in 
the differential diagnosis of patients ex- 
posed to members of the parrot family, 
pigeons and fowl kno^vn to harbor the 
responsible virus. In general, all per- 
sonal habits which may be of significance 
in the final analysis of the case should 
be noted carefully. 

An orderly correlated history obtained 
in this fashion will suggest the diagnosis 
in many instances before the physical ex- 
amination or any other procedures are 
completed. In a substantial number of 
cases, however, the examiner will be dis- 
tressed at the apparent lack of assistance 


gained from even the most assiduously 
recorded history. No matter how often 
this unfortunate situation occurs, the 
physician must never consciously lower 
the recognized standards of a satisfactory 
history. As it so often happens, the first 
manifestation of carelessness will be re- 
warded by a missed diagnosis. Those of 
us who have experienced this pitfall in the 
past will never again be satisfied with an 
abbreviated record of a patient’s illness. 
The apparent bonanzas of short cuts to 
diagnoses have a notorious habit of back- 
firing at the wrong time to the complete 
embarrassment of their would-be benefi- 
ciaries and to the detriment of the unfortu- 
nate guinea pig patient. This latter ob- 
servation applies with equal significance 
to all elements of the patient’s examina- 
tion; history, physical and laboratory. 
The physician, not the clerical helper or 
nurse, should obtain the history. 

B. Physical Examination. A routine 
physical examination of the patient sus- 
pected of suffering from pulmonary dis- 
ease must be performed in each case. No 
matter how incontrovertibly the evidence 
in the patient’s history points to a pul- 
monary disease, omission of the slightest 
detail in the routine physical examination 
is fraught with danger. In general, the 
physical findings will confirm or disprove 
the impressions gained from the patient’s 
clinical history. Quite often a routine 
examination will reveal significant physi- 
cal findings in an organ, or organs, other 
than the one to which the history has 
directed the examiner’s attention. Imag- 
ine the physician’s surprise when a 
disease process is located in the left lower 
lobe of the lung of a patient complaining 
of anorexia, nausea, vomiting, and epi- 
gastric pain. In this, and similar circum- 
stances, the examiner will find it necessary 
to supplement the original history with 
new and added information obtained by 
re-interrogation of the patient for the pur- 
pose of emphasizing sjmaptoms referable 
to the organ involved. It is agreed that 
a majority of diseases involving the lungs 
are usually localized processes, but a sig- 
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nificant minority are merely reflections 
in that organ of a more remote or sys- 
temic disorder. This very fact again em- 
phasizes the necessity of a complete 
physical examination even in those in- 
stances that on the surface do not seem 
to warrant such a detailed procedure. 
The discovery of phlebothrombosis or 
thrombophlebitis in an extremity will not 
only help establish a more accurate etio- 
logic background for pulmonary embolism 
and infarction but ■will also facilitate the 
institution of prophylactic measures to 
avoid further possibly fatal accidents. 
Dependent edema, venous engorgement, 
and a tender hepatic enlargement -will 
incriminate the heart as the responsible 
organ rather than the lungs in a patient 
complaining of cough, blood-tinged spu- 
tum and dyspnea. The physical exam- 
ination in such instances serves to evaluate 
and correlate the clinical history. A dis- 
tant lymph node, a draining sinus, a skin 
lesion, or an enlarged prostate discovered 
by careful physical examination may re- 
veal the true nature of the pulmonary 
disease process when examined histopatho- 
logically or bacteriologically at the proper 
time. Such a simple observation as club- 
bing of the fingers and toes may lead to 
a suspicion, and subsequent confirmation, 
of pulmonarj' disease. It is fairly ob\’ious 
from these foregoing remarks that a care- 
ful complete physical examination, not 
only of the lungs but of the entire body, 
is very important in confirming or dis- 
proving the existence of pulmonary dis- 
ease and, on occasion, will reveal a pre- 
^'^ously unsuspected pulmonar;r lesion. 

II. Clinical and Laboratory Aids in the 
Diagnosis of Pulmonary Disease, ^^^^en 
the history and physical examination are 
complete and correlated, the diagnosis is 
often apparent. There are, however, a 
significant number of pulmonary diseases 
which can l>c diagnosed only r^nth the 
assistance of routine and highly special- 
ized clinical and lal>aratorj- diagnostic 
proccthircs. Immiliarity with all of these 
procedures, nevertheless, i': not only an 
essential part of the armamentarium of 


those physicians who are interested espe 
cially in diseases of the chest, but sho'aM 
be equally familiar to all engaged in tb 
practice of medicine and its various sp~ 
cialties. A working knowledge of these 
procedures ■will enable the physician to 
diagnose pulmonary diseases •with greater 
frequency, rapidity and accuracy. In ad- 
dition, a realization of his own limitation! 
■will prompt him to offer the patient the 
benefit of more specialized consultation 
study if indicated. In general, all of the 
follovdng diagnostic measures should be 
considered as secondary aids and utilized 
only after a complete history has been 
obtained and a thorough physical exam- 
ination has been performed. 

A. Hematologic Studies. It is a 
rather infrequent occurrence for routine 
hematologic studies to be of any sipifi- 
cant value in establishing the diagnosis 
of pulmonary disease. A normal red 
blood count, or one manifesting some 
degree of anemia is of no particular im- 
portance. Both conditions may be found 
in innumerable pulmonary diseases. Poly- 
cythemia, on the other hand, may be a 
very significant laboratory finding. It? 
existence may not only help to confirm 
the diagnosis, but, on occasion, may call 
attention to underlying pulmonary di-*- 
ease which was not suspected before 
examination of the blood. Erythrocyto- 
sis, when associated ■!wth pulmonarj^ 
disease, usually signifies chronic oxypf 
lack and may accompany such clinical 
entities as Ayerza’s disease, emphysema, 
far-advanced cystic disease, or any other 
condition interfering with adequate oxy- 
genation of the red cells.’* It is a rather • 
constant finding in pulmonary' hemanp- 
oma (arteriovenous fistula).'®’^'” Eryth- 
remia or polycythemia vera is commonly 
accompanied by pulmonary' signs nno 
symptoms.’* The total white blood count 
and differential are useful in determining 
the c.xistcncc and type of infection. P'”' 
example, one may usually expect a nor- 
mal total white blood count with primary 
atypic.al pneumonia of undetennined eti- 
ology'; on the other hand, a definite Icuho" 
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cytosis with a left shift is rather typical 
of lobar or bronchopneumoiiia.®'^^’"®'^®’'*^-'’® 
As a rule, however, the total white blood 
count and differential contribute only 
limited assistance in helping to establish 
specific diagnoses in pulmonary disease. 
It is true, nevertheless, that the finding 
of an eosinophilia may be the first clue 
to the correct diagnosis in such diseases 
as Loeffler’s syndrome, Hodgkin’s disease, 
or echinococcal disease involving the 
lungs.®’^^ Some degree of eosinophilia has 
been reported in silicosis, but the author 
does not believe that the total white 
blood count or differential is of particular 
diagnostic significance in this disease en- 
tity or in tuberculosis.-® When leukemic 
processes involve the pulmonary tissue, 
the total white blood count and differen- 
tial may be, and usually are, of concrete 
assistance. Aside from Hodgkin’s disease, 
a study of the Avhite blood cells does not 
contribute much to the diagnosis or evalu- 
ation of the other lymphomas.^® Although 
it is true that the routine hematologic 
study of a patient is not too commonly of 
any real significance in the ultimate 
evaluation and diagnosis of pulmonary 
diseases in general, it should never be 
omitted because, in many instances, it is 
not only of real help but is practically 
diagnostic of certain conditions. Also, it 
must be remembered that a rising or 
falling total white blood count and a 
shifting Schilling count have the same 
prognostic value in pulmonary infections 
as they do in other infectious diseases. 

B. Examination of the Urine. Al- 
though the author does not recall any 
instances of pulmonary disease in which 
this examination was diagnostic, it should, 
nevertheless, continue to be a routine 
laboratory procedure because of its value 
in considering the differential diagnosis. 
In acute and chronic pulmonary diseases 
the urine could conceivably show some 
secondary changes to which none but the 
tisual significance can be attached. 

C. Stool Ex-\mination for Parasites. 
In Locfiler’s syndrome, the discovery of 
Sirongtiloxdcs sfrrcornh'.s, .dsran's htmhri- 


coides, Nccator americanus, or other ova 
in the stool is of great assistance. When 
EmdamxBba histolytica cysts or trophozoites 
are found in the feces, the etiology of a 
lung abscess may be suspected and subse- 
quently proved. 'These are but a few 
examples in which examination of the stool 
for parasites may yield important diag- 
nostic information. 

D. Serologic Test for STpmLis. Only 
on rare occasions is this test of any diag- 
nostic significance in pulmonary disease. 
It should, nevertheless, continue to be a 
routine procedure in the examination of 
all patients. 

E. Sputum Examination. This is one 
of the most reliable and important pro- 
cedures and should be utilized routinely 
in every case of suspected or undiagnosed 
pulmonary disease. Suitable specimens 
for examination may be obtained from 
ordinary expectorated material. When 
the amount of sputum raised is insufficient 
or unsatisfactory, material for examina- 
tion may be obtained by pulmonary lavage 
or bronchoscopic aspiration of the trachea 
and accessible bronchi.'®'”'^® Frequent 
microscopic examination of appropriately 
stained smears should be performed in a 
search for the responsible pathogen. One 
should not be content wdth 1, 2, or even 
3 negative results if strong clinical evi- 
dence exists which incriminates the lungs 
and points to a certain disease process. 
Repeated careful examinations are manda- 
tory when tuberculosis is suspected. A 
concentrated 24 hour sputum specimen is 
the procedure of choice. The type of 
stain employed is a matter of individual 
preference. If the usual staining tech- 
nique does not yield the desired or satis- 
factory result, then the sputum should 
be cultured on appropriate media. Fresh 
unstained material should be examined 
when attempting to identify the tropho- 
zoites of E. histolytica. An unstained 
specimen mixed with either a 10% solu- 
tion of potassium hj-droxide or sodium 
hydroxide is also the procedure of choice 
when a fungus is being sought.®-^^ When 
echinococcal disease of the lungs is sus- 
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pected, the diagnosis may be established 
by identification of the booklets or mem- 
brane of the cyst in a properlj' stained 
specimen.^ In all cases of lobar or bron- 
chopneumonia the sputum should be typed 
in order to identify the specific micro- 
organism responsible for the infection. 

If examination of the sputum should 
end wnth a search for the responsible 
pathogenic microorganism, it would be 
incomplete because the gross and other 
stained and unstained microscopic char- 
acteristics of the pulmonary e.v'creta must 
be studied in order to secure the maximum 
diagnostic benefits from this examination. 
The identification of fat globules wll in 
itself confirm or suggest the diagnosis of 
lipoid pneumonia. Loeffler’s sjmdrome or 
asthma may be suspected when the pre- 
dominating cellular elements are eosino- 
phils, while the additional presence of 
elastic fibrils and Charcot-Leyden crystals 
make the latter possibility more probable. 
The recognition of larvre of A. htmbricoulcs 
should suggest immediately an ascaris 
pneumonitis. If bronchogenic carcinoma 
is suspected, properly prepared specimens 
should be e.xamined for cancer cells.- ’* 

The gross characteristics of the sputum 
must be studied carefully as this part of 
the examination frequently suggests the 
diagnosis. For example, a frothy, nist- 
colored sputum, with or without blood- 
streaking, invites a diagnosis of pulmon- 
nry edema, while a ,3-Iayered sputum is 
suggestive of bronchiectasis. Pulmonary 
tuberculosis, bronchicct.asis and neoplasm 
arc among the diagnoses to be considered 
in the presence of varying rlcgrccs of 
hemoptysis. A very foul-smelling sputum 
should make one suspect lung abscess or 
hronchieetje^is. Prune juice colored expec- 
toration may signify lobar pneumonia, 
while amebic abscess of the lung may be 
charactcrirod In- an anchovy sauce colored 
type of sputum. When the grO'S rlmrac- 
teri'tics of the sputum arc similar to fliiitl 
obtained by thoracentesis, a bnmeho- 
plctiml fi'ttda mn-t lx" ci-in-tdered. The 
accidental «li'-covery of .a broncliolith m.ay 
t>e the answer to a <iif[!aik diagnostic 


problem. Characteristic sulphur gramile? 
mean actinomycosis until proved other- 
wise, while the presence of Curschmann's 
spirals and Laennec’s pearls are suggestive 
of asthma. From the above remarks oar 
should be able to appreciate the value w 
a carefully performed sputum e.xamina- 
tion and assign to it a high priority rating 
on the list of routine diagnostic procedures. 

F. Gastric Contents. The e.\amina- 
tion of fasting gastric contents in the aged, 
the debilitated, and young children mav 
help prove the diagnosis of pulmonarv- 
tuberculosis.^’-’’-”® It is frequently the 
only method of establishing the diagnosis 
beyond question. This very reliable and 
valuable procedure should be employed 
whenever the bacteriologic results of spu- 
tum examination by stain and culture are 
consistently negative while all available 
clinical emdence, nevertheless, is to the 
contrarj'. 

G. Blood Cultures. Early in the 
course of lobar or bronchopneumonia, and 
before a chemotherapeutic or antibiotie 
agent has been employed, the blood cul- 
ture may be positive. Isolation of the 
responsible organism in the blood strenm 
is not used to establish a diagnosis, but 
rather to confirm it. As a rule, bloorl cul- 
tures are of very limited value in the 
diagnosis of pulmonary disea.se. 

H. Skin Tests. In many obscure pul- 
monary conditions the diagnosis may Itc 
suggested by an allergic response of the 
host to a measured minute skin test do=e 
of antigen obtained from a specific micro- 
organism. This test is especially valuable 
in such diseases as tuberculosis, coccidi- 
oidomycosis, blastomycosis, histoplasmo- 
sis .and other fungus diseases.’-’-*’*”"”*' 
In some instances, a negative result, hoV' 
ever, is of far more clinical signific.ancc 
than a positive reaction.’ Pliysician' 
.■should not employ tliis diagnostic pto* 
cediirc un!e.ss they arc thoroughly familial 
with the correct tcchnifiuc of jK-rforming 
the test and how to read and interpret i!‘> 
results. Wien cchinococca! dhai'-f of the 
lungs is suspected, Ca-soni’s intraflerm.ai 
test is practically sfKjcific.’ .-MI asthm-a- 
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tics should be tested for allergic response 
to suspicious antigens both for diagnostic 
purposes and therapeutic possibilities. 

I. Sedimentation Rate. For many 
years this determination has been a 
practically routine procedure in the study 
of some chronic pulmonary diseases. Its 
popularity certainly does not originate 
from its diagnostic value, but may be 
atrributed to its questionable prognostic 
significance and ease of accomplishment. 
It is a non-specific laboratory test which 
should be interpreted and accepted only 
in the light of the over-all clinical and 
laboratory picture. 

,T. Pkecipitin and Complement-fixa- 
tion Tests. These procedures are of real 
value in the diagnosis of virus and fungus 
diseases. When significant positive results 
are obtained, they may be considered diag- 
nostic. In some instances, as for example 
in blastomycosis and coccidioidomycosis, 
a rising or falling of titer is of prognostic 
as well as diagnostic value.® 

K. Roentgenologic Examination. 
No examination of the lungs is complete 
without a Roentgen ray film of the chest. 
An erect posterior-anterior view should 
he a routine procedure for all patients 
suspected of having pulmonary disease. 
The author shares the opinion that a good 
lateral view of the chest is as important 
a routine procedure as a posterior-ante- 
rior film.'* Not infrequently lesions are 
recognized on the lateral view which are 
not even suspected after the most careful 
interpretation of the posterior-anterior 
film. If economic considerations permit 
it, and time, equipment and personnel 
are available, the lateral view should be 
a routine procedure in the diagnosis of 
pulmonary disease. Roentgen ray exam- 
ination of the lungs is unquestionably one 
of the most valuable of all diagnostic 
procedures, but under no circumstances 
should it be considered a substitute for 
the routine history and physical examina- 
tion. The real and full value of a chest 
Roentgen ray can be realized only if its 
final interpretation is made contingent on 
the history, the physical examination, and 


other clinical and laboratory procedures. 
On occasion, the results of physical exam- 
ination of the lungs are more informative 
than the roentgenogram. More fre- 
quently, however, the Roentgen ray will 
reveal a pulmonary lesion even after the 
most competetent physical diagnostician 
has rendered a negative opinion. This 
unfortunate shortcoming of the physical 
diagnosis in the recognition of pulmonary 
disease can be corrected only through 
increased utilization of routine Roentgen 
ray examinations of the lungs at regular 
periodic intervals. Equipment and sup- 
plies for mass radiographic campaigns are 
now becoming increasingly available and 
the cost is so nominal that even economic 
considerations are of no real consequence. 
One should remember, nevertheless, that 
a Roentgen ray film of the lungs is only 
infrequently diagnostic of pulmonary dis- 
ease. It does, however, permit early 
detection of silent and unsuspected les- 
ions and careful follow-up examinations. 
Therein lies its greatest contribution to 
the study of pulmonary disease. 

The following Roengen ray studies of 
the lungs are valuable diagnostic pro- 
cedures: (1) erect posterior-anterior; (2) 
lateral; (3) oblique; (4) lordotic; (5) stere- 
oscopic; (6) planographic studies; (7) 
kymographic studies; (8) buckj' film; (9) 
spot film; (10) maximum inspiration and 
expiration. Any of these studies, and 
especially the more difficult technical 
procedures, should be undertaken and 
interpreted only by physicians qualified 
to engage in the practice of roentgenology 
or diseases of the chest. The adequate 
study of pulmonary diseases is so depen- 
dent on the Roentgen ra^'^ examination 
that it is almost obligatory for phthisiol- 
ogists and other chest physicians to be 
competent roentgenologists as far as the 
thorax is concerned. Each of the exam- 
inations mentioned above has a definite 
place in the study of pulmonary diseases, 
and, if properly employed at the correct 
time, will yield gratifying results in the 
hands of competent individuals. On oc- 
casion, a study of any part of the gastro- 
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intestinal tract with a radiopaque sub- 
stance such as barium may be indicated 
because of differential diagnostic consid- 
erations. This is especially true in dia- 
phragmatic hernias and diseases of the 
esophagus. Roentgen ray examinations of 
other parts of the body may also be indi- 
cated under certain circumstances, but 
the occasions are so inconstant and the 
variety of examinations so multitudinous 
that it is merely mentioned in passing for 
completeness. For example, if the pul- 
monary lesion appears to be metastatic, 
one is required to investigate ail possible 
primary sites. 

L. Fluoroscopy. This study of the 
lungs is very valuable in determining 
mobility and other djmamic features of the 
chest during various phases of respiration. 
One may study and estimate the functional 
\atal capacity of each lung in this manner 
by noticing the changes in its densitj' dur- 
ing various respiratory phases together 
mth the movement of the ribs, medias- 
tinal structures, and excursion of the 
diaphragm. Aneurysms may be diagnosed 
from their expansile nature and so differ- 
entiated from solid tumors. Fluoroscopy 
is of untold value in such conditions as 
pneumothorax and pleural effusions. It 
is no adequate substitute for Roentgen 
ray photographs of the lungs. Too many 
lesions escape detection by even the most 
competent fluoroscopists if sole reliance is 
placed on this method of examination. 
However, when it is necessarj- to eonsider 
the gastro-intcstinal tract in the differen- 
tial diagnosis of pulmonary disease, fluoro- 
scopic examination i.s probably a more 
iinjicrtant stutiy and reliable evaluation 
than the roentgenogram. 

M. Ex.uiinwtion op Pleub.\l Fluid 
.\SD Gases. Whenever the presence of a 
pleural eiTu^ion is Jisccrtained, a speci- 
men must be obtained for diagno.stic pur- 
fx)'=es as soon as possible. Unless specifi- 
txilly indicated, air should not lx; intro- 
duce! into the pleural ra\nty during, or 
followinc. di-acno-tie si-spiration. A part 
of the fluid obtained .‘■hould be ccjii'^itmed 
for baeteriologie examination, If th- 


specific diagnosis is suspected, special 
stains, cultures and other bucteriolojic 
studies may be carried out. For e.xampif, 
if one suspects a tuberculous effusion, then 
a guinea pig inoculation is in order. Fluid 
which has developed sjuipneumonically, 
or metapneumonicallj', should be typed 
for specific pneumococci. If one suspects 
a malignancy, part of the specimen should 
be examined histopathologically for neo- 
plastic elements. The type of leukocyte, 
if present, can be determined from a 
stained smear while searching for patho- 
genic bacteria. In this way the inflam- 
matory nature of an effusion can be de- 
tected. Sufficient fluid should be oix 
tained to determine the specific gravity 
or protein content. These examinations 
are xmluable in differentiating an exudate 
from a transudate. Before withdrawing 
the aspirating needle, 10 cc. of 1 % methyl- 
ene blue, or some other suitable dye, may 
be instilled if a bronchopleural fistula is 
suspected. In the presence of this com- 
plication the sputum will have a bluidi 
discoloration w'ithin 12 to 24 hours, or 
sooner, following injection. This is a very 
valuable diagnostic aid which offers incon- 
trovertible evidence when po.sitive. Wierc 
facilities for giis analysis are availahle, 
the existence of a bronchopleural fistula 
may be suggested by a detenniniition of 
the carbon dioxide and oxygen 
of gas obtained from the pleural cavity.*' *' 
This time-consuming procedure is usually 
unnecessary and merely of academic 
interest. 

Macroscopic examination of tlic fluid 
obtained by thoracentesis is not a 'cry 
reliable procedure*, but odor, xdsco.sify aud 
color may suggest certain diagnostic ]>>” 
sibilitics and methods of examination. 
For example, a pale straw-colored fluid 
obtained from the right hernithorax may 
suggest congestive failure with hydn^- 
thorax. Milky, thin fluid invites the diag- 
nosis of chylothorax xvhich can lie con- 
firmed by staining xvitb .'^iidan Iff and 
chemical analy.=h of it.s fat contenL*' 
bloo<-l-tinged. or frankly idwdy, flua- 
succest.s jnilriionary infarction, trauma. 
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congestive heart failure, tuberculosis, pul- 
monary or pleural neoplasm, and other 
possibilities. Foul-smelling fluid may 
suggest an anaerobic infection or a colon 
bacillus. These gross features should all 
be evaluated in the light of the available 
clinical and other laboratory evidence and 
appropriate further study undertaken to 
prove the diagnosis. From this brief dis- 
cussion the diagnostic importance of fluid 
in the pleural cavity should be obvious, 
and the physician must be prepared to 
obtain every possible assistance from the 
complete investigation of this easily avail- 
able pathologic material. 

N. Bronchoscopy. This diagnostic aid 
is not employed Avith sufficient frequency 
in the diagnosis of pulmonary disease. 
Yet, it affords the clinician an opportun- 
ity to Ausualize the lesion directly, if it is 
located in an accessible area, and to obtain 
material for bacteriologic and histopatho- 
logic e.\'amination with which to establish 
the diagnosis. The appearance of some 
lesions is almost diagnostic. In any unex- 
plained pulmonary disease, or suspected 
tracheo-bronchial disease, this examina- 
tion should be performed without procras- 
tination as it is a relatively harmless pro- 
cedure in the hands of competent broncho- 
scopists.2^ The physician should not hesi- 
tate to submit his patient to this examina- 
tion for the expected benefits are far more 
numerous than the possible dangers. 
Bronchoscopic examination should be con- 
sidered in all cases of obscure and atypical 
pulmonary lesions in all patients past the 
age of 40. In this way more cases of pul- 
monary cancer will be discovered in an 
operable and possibly remedial stage.^--®®-^^ 

O. Esophagoscopy. On occasion this 
may be a very valuable procedure in dif- 
ferentiating between esophageal and pul- 
monary disease. Not infrequently, esoph- 
ageal disease is discovered to account for 
secondary pulmonary complications as in 
stricture and carcinoma of the esophagus 
or cardiospasm. 

P. Bronchography. The introduction 
of a radiopaque substance (lipiodol) into 
the tracheo-bronchial tree is a simple, safe 


and valuable procedure. It is of unpar- 
alleled value in cases suspected of having 
bronchiectasis and may also be employed 
to demonstrate bronchial occlusions, cys- 
tic disease and pulmonary cavitation. 
The method of choice in carrying out this 
examination is one of individual prefer- 
ence. Following the instillation of lipiodol 
into the tracheo-bronchial tree, immediate 
fluoroscopic and photographic examina- 
tion should be performed. 

Q. Miscellaneous Uses of Radio- 
paque Material. When a sinus tract 
appears to communicate with the lung 
or the pleural cavity, lipiodol, or some 
other suitable material, may be used to 
outline the tract and to ascertain the 
communication. In positive instances the 
lipiodol can be demonstrated in the lungs 
fluoroscopically and roentgenologically. 
This procedure may be especially useful 
in thoraco-abdominal actinomycosis with 
sinus tracts. 

R. Biopsy of Lesion for Histopatho- 
logic AND Bacteriologic Study. "When 
a diagnosis cannot be established by 
sputum examinations or other simple 
laboratory techniques, biopsy of available 
pathologic material may be performed. 
The tissue should then be examined bj^ 
the proper histopathologic and bacteri- 
ologic methods. 

Material for biopsy may be obtained 
from the local pulmonic lesion or from other 
sites if the pulmonary disease process is 
part of a general systemic condition. Suit- 
able specimens may be obtained broncho- 
scopically if sufficient material is biopsied 
from the proper portion of the lesion.^-®®-®* 
Bronchial adenomas have a tendency to 
bleed folloiving biopsy, but this is only 
a minor complication and should not be 
considered a contraindication to the pro- 
cedure. The bronchoscopist must be well 
oriented before securing the biopsy speci- 
njen and is required to determine care- 
fully before the operative procedure is 
undertaken the possible existence of a 
thoracic aneurysm. Accidental biopsy of 
the aorta or other great vessels may be a 
rather embarrassing complication. When 
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material for biops3- has been found 
inaccessible bronchoscopically, the author 
has unhesitatingly performed innumerable 
punch biopsies of pulmonary lesions situ- 
ated at respectable distances from \'ital 
structures. If a \im-Silverman biopsy 
needle is used, sufficient material of diag- 
nostic quality can be obtained without 
any more serious sequelre than transient 
blood-spitting. Aspiration biopsy is not 
as satisfactory as material obtained in 
this fashion is usually insufficient for 
adequate histopathologic examination, al- 
though quite frequently suitable for bac- 
teriologic study. When pulmonary tis- 
sue is not available for histopathologic, 
or hacteriologic, examination or has been 
found non-diagnostic, material may be 
obtained from other accessible sites. In 
such instances one may ascertain the 
diagnosis from an involved lymph node, 
a skin lesion, a draining sinus, or from 
anj' other site involved by the same dis- 
ease process. If it appears that the pul- 
monary disease represents a metastatic 
lesion, then, in any event, biopsy of the 
original focus is preferable. Suspected 
leukemic infiltrations of the lung may be 
diagnosed by aspiration or biopsy of the 
sternal bone marrow. Histopathologic 
Jind hacteriologic examination of involved 
tissue olitained by biopsy is an excellent 
and usually safe method of establishing 
an etiologic diagnosis quickly and indis- 
putably. 

S. Diagnostic PNEc.uoTnoRAX. This 
is a very excellent method of distinguish- 
ing between intrapulmonarj' and extra- 
pulmonarj' lesions. 

T. Diagnostic P.vEoiopEKiTo.vr.tM. 
Tin’s procedure has very little place in 
the diagnosis of pulmonary di.=easc unless 
diagnostic pneumothorax fails to reveal 
the exact location of a lesion in the rep'on 
of the diaphragm. 

U. TiioRACoscoric Examin.\tion. Af- 
ter a diagnostic pneumothorax of sufficient 
quantity has been induced, it is a rela- 
tively minor surgical procedure to c.xam- 
ine the contents of the pleura! rarity 


•with the thoracoscope. This sometimr.' 
permits direct visualization of the lesion 
for purposes of surgical evaluation and 
diagnosis. Biopsy specimens may be ole 
tained in this manner for histopathologic 
and hacteriologic examination. 

V. The Electrocardiogram. Tlih 
procedure has very limited value in 
diagnosing pulmonary lesions. .'\.s in the 
case of cor pulmonale, it frequently re- 
flects cardiac and pericardia! complic.n- 
tions and effects of pulmonary disease, but, 
if the investigation has been conducted 
correctly and in logical order, the informa- 
tion obtained from the electrocardiogram 
will be of confirmatory rather than diag- 
nostic importance. IVhcn the differential 
diagnosis rests between pulmonary em- 
bolism and coronarj' occlusion, however, 
it may be of real diagnostic value.* Jjow 
voltage in the presence of massive pleural 
effusion is only of academic interest. 

W. Venous Pressure and Circula- 
tion Time. In the presence of cardiac 
failure the venous pressure fs commonly 
elevated. This is not usually the rase in 
pulmonary disease. On occasion, primary 
or metastatic tumors in the thorax will 
obstruct the venous return from one part 
of the body or anotlicr, Imt this is rarely 
symmetrical ns one would expect in car- 
diac decompensation. This latter observa- 
tion together with other available evi- 
dence, sueli as collateral circulation, will 
usually decide the issue. 

Determination of the circulation time 
in pulmonary disease is of questionable 
value although it is significantly prolonged 
in many eases of anthraeosilieosis.' .A 
prolonged cdreiilation time is a far more 
con.stant rliaraetcri.stie of cfirdine /lerom- 
pensation than pulmonary disejise. The 
venous pre.ssure and eireulation time are 
of rlcfinite value in heljiing to differentiate 
between r.-irdiae :ind pulmonary disea*-'* 

proeessp5. 

X. TnERAi'ErTic Tk-st Do-r. or Dr.f.r 
Roe.vtge.v Bay T/if.RAry. If a piihno:;- 
ary Icr-ion remains undiagno=<-d after e... 
.available fliacnostie prrK'edures have Jje^ 
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utilized, then a test dose of deep Roent- 
gen ray therapy is indicated. Response 
to this form of therapy is very striking 
in lymphoblastomas and its successful 
utilization is both therapeutic and diag- 
nostic.'^ 

Y. Angiocardiography. An intraven- 
ous or intracardiac injection of a radio- 
paque substance will frequently differenti- 
ate vascular tumors of the thorax from 
other pulmonary lesions."'" The diag- 
nosis of pulmonary arteriovenous fistula 
can be established beyond question by 
correct utilization of this procedure. This 
diagnostic procedure is not without danger 
and requires highly trained technical 
assistance and rather involved appara- 
tus. It is, therefore, not recommended 
as a routine procedure. 

Z. Exploratory Thoracotomy. If all 
other examinations fail to esj;ablish the 
diagnosis, the physician is justified in 
recommending this diagnostic procedure 
as the last resort in certain selected cases. 
In the hands of a competent thoracic 
surgeon this procedure carries no greater 
risk than an exploratory laparotomy and 
tnay eventuate in a cure. 

Some pulmonary diseases may be en- 
countered which will require the supple- 
mentary utilization of other indicated and 
highly specialized procedures in order to 
establish the correct diagnosis. For ex- 
ample, bronchospirometric studies, gas- 
troscopic examination, determination of 
the alkaline phosphatase blood level, or a 
retrograde pyelogram may be necessary 
to establish the diagnosis in some instances. 
To enumerate and discuss all these possi- 
bilities would be an almost impossible as- 
signment. As a rule, intelligent utiliza- 
tion, correct interpretation and careful 
selection of indicated clinical and labora- 
tory procedures enumerated above will 
be rewarded by a prompt and accurate 
diagnosis of existing pulmonary disease. 

In recent years there has been a per- 
ceptible and annoying tendency among 
some physicians to discredit the value of 
the history and physical examination of a 


patient suspected of having a pulmonary 
disease and to place greater and almost 
complete reliance on laboratory methods 
of diagnosis. This practice has reached 
the point where only the more fortunate 
patients receive the benefit of even a 
cursory physical examination, and this 
after they have submitted to all sorts of 
complicated, expensive and ofttimes super- 
fluous laboratory procedures. In those in- 
stances where it is the added practice of 
the physician to rely on a clerical aid, a 
technician, or a nurse to obtain the ab- 
breviated form-fitting history, the patient 
may not even see the doctor except to 
hear the final expensive verdict of the as- 
sembly line boss. Unfortunately, this 
deplorable trend not only destroys the 
very valuable personal patient-physician 
relationship on which the practice of 
modem medieine is built, but is supply- 
ing effective ammunition for the guns of 
those who are blasting at our present 
medical structure and demanding social- 
ized medicine. 

The foregoing considerations of the 
manner in which diagnostic clinical and 
laboratory procedures are employed should 
not be construed as an effort to minimize 
the importance of these very valuable and 
occasionally indispensable aids. On the 
contrary, it is felt that the correct diagno- 
sis of many obscure pulmonary conditions 
would be almost impossible, or never es- 
tablished, without readily available facili- 
ties for performing these examinations 
when indieated. After the examiner has 
obtained the history and conducted the 
physieal examination, in the manner pre- 
\dously outlined, the selection of possibly 
beneficial diagnostic procedures is the next 
logical and important step in the diagnosis 
of pulmonary disease. Investigation of 
the illness in this scientific manner and 
orderly sequence will result in a much 
higher incidence of prompt and correct 
diagnoses. The patient and physician 
will both benefit from this approach to 
the problem. Fewer laboratory proce- 
dures vdll be performed and more diag- 
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noses will be made. To render a patient 
the best possible servace, the physician 
must be thoroughly familiar with and 
willing to practice the proper and accept- 
able methods of orderly investigation. 


Summary. 1. The importance of a 
prompt and correct diagnosis of piiiraon- 
ary disease has been emphasized. 

2. An orderly and scientific manner of 
investigation has been outlined. 


The author wishes to express his sincere appreciation to Dr. Max Pinner of Berkeley, Califomis, 
and Dr. Edward W. Haj'es of Monrovia, California, for their valuable assistance and constructive 
criticism in the preparation of this manuscript. 
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PERSONALITY REPERCUSSIONS OF ANTERIOR POLIOMYELITIS 
A Review of the Literathee 
By Clyde E. Stanfield, M.D.* 

DENVER, COLORADO 


Anterior poliomyelitis has rightfully 
come into the limelight of public attention 
and scientific inquiry. Ho^ve^'er, too little 
consideration has been given the patient 
as a total personality, often rendered a 
handicapped individual by the disease. 
The report, to follow, is a summary of the 
rather meager literature in English deal- 
ing with the repercussions on the total 
personality wrought by anterior polio- 
myelitis, both in its acute phase and dur- 
ing subsequent reaction to bodily disfig- 
urement and disability'. This rdsume of 
the available literature and unpublished 
data related to that aspect of the disease 
is tendered in the hope that greater em- 
phasis Avill be focussed in the future upon 
the patient as a total functioning unit, as 
research progresses toward defining the 
cause and cure of the disease — and the 
more effective rehabilitation of its victims. 

Considerably more has been i\Titten and 
described about constitutional and neuro- 
pathic predispositions to the disease than 
about its long-term effect on personality 
functioning and readjustment capacities. 
Draper® (1932) reemphasized his delinea- 
tion of what has been called a “poliomyeli- 
tic type,” and quoted from his book (pub- 
lished in 1917) his description: “The 
type of child which seems most susceptible 
to the disease is the large, well-grown, 
plump mdi\'idual who has certain definite 
characteristics of face and jaws; is broad 


browed, and broad and round of face. 
. . . The wide spaced dentition has 

been a striking feature. . . . 

. . Among the adolescents and 

young adults who acquired poliomyelitis 
. . . usually fatal, the type differed 
from that which is described. Instead of 
the very large, well nourished individuals 
with widely spaced teeth, there appeared 
a delicately made type. . . 

To this description in 1917, the author 
added in 1932: . . It appears that 

the constitutional structure of the infantile 
paralysis people points toward deficiencies 
of 3 glands, namely: pituitary, gonad and 
adrenal cortex.” He concluded that “the 
highly specialized type of child described 
. . . is a causal factor in the occurrence 
of infantile paralysis, of equal importance 
with the virus; but so far as the develop- 
ment of paralysis is concerned, the con- 
stitution of the child is of greater signifi- 
cance than the nrus.” 

After observation of 1004 patients or 
photographs of patients, Aycock* (1941) 
supported Draper’s concept and the cor- 
responding clinical impression of a com- 
mon constitutional factor; i. e., a “polio- 
myelitis tyT5e.” He remarked that the 
frank disease tends to occur in a limited 
number of the indiwduals exposed, and 
that these are individuals “of an autarce- 
ologic susceptibility, as shown by the 
tendency of the disease to familial aggre- 


* 1S20 Gilpin St., Denver 6, Colorado. 
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gation and that the character in question 
is a physiologic difference of an endocrine 
nature whicli, although to a considerable 
extent subclinical, manifests itself in the 
clinically discernible characteristics. . 

It appears, therefore, that the selective 
character of the disease must be borne in 
mind in any statistical comparison of post- 
poliomyelitio patients with “normal” con- 
trols. In addition to these constitution- 
ally determined physical predispositions, 
there may also be constitutional neuro- 
pathic and psychopathic determinants. 
For e.xample, Neustacdter“ (1912) re- 
ported that of 25 cases, 19 had hereditary 
neuropathic constitutions, and added that 
he believed that this was sufficiently sug- 
gestive to warrant further investigation. 

lYhile acknowledging the scarcity of 
reported investigations, there has been 
little tcndeney to accept personality dis- 
orders as resulting from the poliomyelitic 
infection. A French writer, Zara“ (1934), 
reports what he believed was a likely 
causal relationship between poliomyelitis 
acquired in infancy (witii severe scquelre) 
and schizophrenia developing at 33 years 
of age. IVhether he related the psychosis 
to the infection or to its sequela: is not 
clear from the abstract translation. On 
tile other hand, Gordon cl al.~ (1939) in- 
vestigated jisychometrically OS poliomye- 
litic patients and declared: “This study 
shows that an attack of poliomyelitis does 
not, either at the time or subsequently, 
depress the level of general intelligence as 
estimated upon the Stanford-Binct scale.” 
The authors remarked that long aliscncc 
from .'■chool, or the development of emo- 
tional n-:iction3 to envininment resulting 
in personality mahuljustments m.ay deter- 
mine definite educational backwanlncss 
.simulating tnie mental retardation. 

Of some psychohiologic import is the 
rontroversi.d tenn “mental alienation,” 
stemming from Si-ter Kenny V concept of 
infantile paralysis. Describing this factor, 
Bohnciigi'l* (foil) h.as VTitten: “In ad- 
dition to fx-ing sttidi'^I .as a function of 
the neuromuscular system, mu'cular ac- 
tiviiv should D' studied al-o a.' a function 


of the total organism as embodied in tl.o 
concept of the personality and its func- 
tions.” “‘i\Icntal alienation,'” he sug- 
gested, “is composed of a sensory factor 
(‘loss of mental awareness’) and a motor 
factor (‘mental alienation’ in its narrower 
sense). . . . ‘Loss of mental aware- 
ness’ seems to correspond to psycho- 
sensory (proprioceptive) dissociation, and 
‘mental alienation’ to psychomotor dis- 
sociation.” The author then concluded 
that “this s.radrome comprising disturb- 
ances in the proprioceptive and motor 
functions of the personality is not peculiar 
to infantile paralysis. Rather, it appears 
to be the psychobiologic reaction to mus- 
cular immobilization due to any cause 
and has as its background not cellular 
pathology alone but the entire psycho- 
biologic organization of the individual." 

Knapp’" 0944) dissented in this regard, 
believing that Sister Kenny’s term “men- 
tal alienation” is “a very unfortunate 
term because it implies a p.sychologic 
cause of loss of function wliich is not 
Justified by the clinical oiiscrvntions. . . 
‘Mental alienation’ is prohahly only a 
minor factor in infantile paraly.sis and is 
probably not psychologic in origin as 
thought by Miss Kenny." 

Elsewhere, BohncngcB (1914) wrote in 
evaluation of the Kenny concept that 
“‘mental alienation' and ‘muscular in- 
coordination’ apjK’urcd to he in the nature 
of psyrhohiologir reactions to the elTect 
of the di'jc.'ise as well as to certain methods 
of treatment. Both of the.se symptoms 
respond to rccdueation wliich, in large 
measure, is a psychotherapeutic pro- 
cedure.” 

.V report on the ariite- and after-care 
of patients in a New York City poliomyc- 
Hti-> epidemic of 19IG was furnished by 
Gros.smnn’ (!917 l b.ascfl np^in the pro- 
gram financefl iw a voluntary “ .\fter-e,'\rc 
Committee.” The rejiort eontains no 
ndcrence to pr)--ihle jxT-'onality flevi.".- 
tion-i oecurring, nor to any utiiirntion 
psychotherapy p-’r r-'. By IfCtS, howeve.*, 
Griflln r! aJ.* were able to rr-pi-irt a* 
“strikingly ‘siiecx-siful'' a ins-nt.al hyg!'',*;'- 
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program pursued during the acute and 
early convalescent stages of a Canadian 
epidemic. During a 1937 epidemic of 
poliomyelitis, 2635 persons in Ontario were 
affected and of these “over 1000 sustained 
paralysis sufficiently severe to warrant 
orthopedic treatment.” Recognizing that 
unavoidably long convalescent periods 
would be required, these workers, assisted 
by the Provincial Department of Health, 
organized and carried out a mental 
hygiene program with a staff consisting 
of neurologist, psychiatrist, psychiatric 
social worker, 4 occupational therapists, 
as well as volunteer librarians, teachers, 
artists and occupational therapy students. 

Their report is quoted at some length 
because it represents apparently the earli- 
est such project of this extent; “Every 
child more than 4 years old was seen by 
the psychiatrist or the psychiatric social 
worker, either during admission or soon 
afterwards. . . . 

“Occasionally children with emotional 
problems of one kind or another were 
found. There were several severe cases 
of homesickness. The commonest psy- 
chologic factor here was an abnormally 
strong attachment to the mother. . 

“The difficulty of appraising the results 
of this mental hygiene program is obvious 
enough. Mental health and wholesome 
attitudes are attributes which are not 
easy to measure quantitatively. By 
observing the change in the children dur- 
ing their 3 weeks stay, however, and by 
observing them again on their return to 
the Hospital for Sick Children for re- 
examination, the VTiters were left with 
little doubt as to the efficacy of the 
measures employed. They were strik- 
ingly successful. . . . 

"The program in psychologic medicine 
introduced into the Ontario Orthopedic 
Hospital served a twofold purpose. Pri- 
marily organized to give the younger 
patients guidance in adjusting to a pro- 
longed convalescence, the hospital was 
also used as a demonstration center. 
. . . The parents of the patients re- 
ceived instruction not only in physical 


management of the paralyzed patient, 
but also suggestions whereby psychologic 
problems could be anticipated and met.” 

Ripley et aU^ (1943) analyzed in con- 
siderable detail the personality factors in 
patients with muscular disability (not 
restricted to the poliomyelitic residuals). 
They declared: “In the analysis of the 
personality reactions, the following fac- 
tors were found to be of more importance 
in determining the adjustment than was 
the clinical entity (tabulation is that of 
present author) : (a) The various psycho- 
biologic factors, which aside from the mus- 
cular disability, have operated in the 
formation of the personality make-up; 
(5) the type of muscular disability (weak- 
ness, fatigability or incoordination); (c) 
the muscles involved, and the physiologic, 
economic and cosmetic significance of these 
muscles; {d) the age when the muscular 
symptoms first appeared; (e) the nature 
of the onset of symptoms (acute or in- 
sidious) ; (/) the length of time the symp- 
toms have been present; {g) the course 
of the disability (constant, slowly pro- 
gressive, rapidly progressive or variable).” 

The authors thought of these factors as 
“environmental stresses requiring new 
adaptations from a consistently reacting 
and adjusting organism;” and elaborated: 
“Muscular disability induces no change 
in the basic structure of the personality, 
but accentuates underlying traits which 
have been determined pre\dously by the 
constitutional make-up and environmental 
situation. . . . 

“. . . In the disability of sudden 
onset, there is a definite change from the 
status of muscular function before the 
disease began. The result is anxiety, 
which often decreases when the disease 
becomes chronic, or even disappears if 
the symptoms become arrested. TMien 
the onset is insidious, there is usually a 
gradual adaptation and a relatively mild 
emotional reaction to the illness. In this 
latter group, as long as disability is not 
marked, changes in routine of life can be 
made with facility unless marked psycho- 
neurotic personality features have been 
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present prior to the illness. A transient 
depression in reaction to the disability 
is often found, particularly when the indi- 
\'idual is unable to carry out some activ- 
ity at which he had pre^nously been pro- 
ficient. Compensation for loss of func- 
tion may be made by the development 
of personality traits, such as conscientious- 
ness, cautiousness, perseverance or exces- 
sive aggressiveness. 

“. . . TMien the patient continues 
to take an interest in his occupation and 
other people, he may be diverted to a great 
extent from his sj-mptoms until the handi- 
cap has become so great as to preclude 
normal acti'i'ity. Resentment toward the 
affliction is seen in most patients at one 
time or another. Frequently, it is trans- 
ferred to the eni-ironment in the form of 
irritability. . . . 

"The part of the body involved was of 
importance in some patients. In general, 
the upper extremities were more essential 
to normal personality function than the 
lower e.xtremities. The hands offered a 
more satisfactory means of expression and 
compensation than did the feet. Sexu- 
ally, however, the lower e-xtremities took 
on special significance as essential parts 
of the sexual equipment, both cosmeticaUy 
and physiologically ... In those with 
narcissistic tendencies there was greater 
sensiti^^ty to muscular wasting itself, and 
sometimes a resultant development of 
anxiety, depression or resentment . .' . 

“The age of the patient acted as an 
important factor, in that the psychic 
trauma was least marked in yoimg patients 
who were still under the protective care 
of their parents whether the disease was 
acute or insidious in onset. The emotional 
difficulties of the parents frequently were 
found to be greater than those of the 
patients themselves. In children the 
cosmetic factor and the functional inferi- 
ority became of major importance as they 
passed through adolescence into se.xual 
and social maturity*. Sensiti-rity to the 
defect was developed during this period 
and set off a series of reactions which led 
to definite changes in personality.” 


The validity of these factors in polio- 
myelitis specifically was borne out statisti- 
cally by a follow-up study of 100 children 
recovering from that disease, reported by 
Copellman® (1944), a medical social work- 
er. This report was based upon social 
work studies in conjunction with the Kew 
Haven Hospital and Clinic after an epi- 
demic in 1943. Among these 100 patients 
were 7 instances requiring frank psychiat- 
ric treatment of either the child (4 case), 
or one of the parents (3 cases). The author 
suggested 3 possible causes of maladjust- 
ment; (a) the direct effect of the xttus 
upon beha^^or; (b) the tendency' of the 
disease to select constitutional inferiors as 
1 -ictims; and (c) (most likely in opinion 
of that author) the threat of a feared 
disease, isolation in hospital, separation 
from parents, strangeness of treatment, 
long convalescence, and the possibility of 
chronic paralysis. In the same study' 38 
of the 100 patients demonstrated "be- 
ha\dor problems” sufficient to induce 
parents to seek assistance. These seemed 
to result from the (a) tendency of the 
experience to precipitate or acti%'ate pren- 
ous conflicts in child or family', and (6) 
irritability stemming from the long con- 
valescence. Such behaHor problems were 
manifested primarily by refusal to eat, 
m'ghtmares, enuresis, temper tantrums and 
especially' (in 27 of 38 patients) weeping 
upon slight provocation. The author con- 
cluded: "Study' of these children has 
con-v-inced us that there are manifold prob- 
lems in the readjustment of the children 
to home and school after a disease such 
as poliomyelitis, and that the social worker 
does have an important function in work- 
ing with these children and their families 
rmtii a satisfactory adjustment is made. 
We are com'inced that the convalescent 
period extends over a period of months, 
even though the child appears to be com- 
pletely' well, and he should get special 
consideration from parents and teachers.” 

Referring to muscular disability in gen- 
eral, Ripley ei al.^ (1943) clearly' empha- 
sized that : “ The recognition of emotional 
factors is of importance not only in diag- 
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nosis, but also in treatment. Rapport with 
an understanding physician can give much 
comfort to the physically handicapped in- 
dividual. The physician in whom the 
patient has developed confidence exerts a 
powerful suggestive effect by his talk and 
manner on the ability of the patient to 
function at his optimal level. In some 
cases there may be an actual relaxation 
of muscles so that spasticity is decreased 
and fatigue lessened, enabling the muscles 
to work more efficiently. Anxiety, resent- 
ment and depression are decreased by 
allowing the patient to unburden himself 
to an interested listener. . . . Atten- 

tion to interpersonal relationships in the 
home setting makes discussion with other 
members of the family desirable. This is 
particularly advisable in the case of chil- 
dren whose parents show anxiety. . . . 

“Suggestion played an important part 
in the symptomatic change after adminis- 
tration of various medications.” 

It will be noted that these therapeutic 
measures are uniformly empirical in nature. 
From a psychiatric standpoint there has 
been reported no satisfactory investiga- 
tion of the psychodynamics involved in 
adjustment of the poliomyelitic patient 
to long-term convalescence and to more 
or less permanent deformity and malfunc- 
tion. In 1941, Billings- (1946) propo.sed 
a detailed program for a comprehensive 
and long-term psychiatric study of selected 
patients afflicted with anterior poliomyeli- 
tis. The war intervened and prevented 
execution of the study, but in 1946 he 
revised the program plan for presentation 
to the National Foundation for Infantile 
Paralysis by representatives of the Uni- 
versity of Colorado School of Medicine 
and Hospitals''’ (1946). 

In the interim between completion of 
the plan and its presentation to the 
National Foundation, the psychiatric and 
psychiatric liaison departments of that 
university completed an initial study of 
1 1 cases. A preliminary description of the 
procedure and findings in these 11 cases 
is contained in the last (unpublished) 
reference'" (1946). The patients incurring 


acute anterior poliomyelitis who were 
above the age of 13 years were selected 
for study during hospitalization. Each of 
the 11 cases was investigated by a “stan- 
dard” history with psychiatric emphasis, 
thorough physical and neurologic survey, 
a Rorschach test, social history from near 
relatives, an electro-encephalogram, and 
a follow-up thematic apperception test. 
It was proposed that during convalescence 
and after discharge from the hospital 
further follow-up examinations and a re- 
peat Rorschach test be carried out in the 
case of each patient. Describing initial 
attitudes toward the disease, it was noted; 
“Almost all the patients expressed on 
query a feeling of shock and fear for their 
lives when they first learned their disease 
was polio. Most reacted with depression 
and tearfulness or a desire to tearfulness. 
Almost everyone felt that most polio 
patients die or are so severely crippled 
they are complete invalids for the rest of 
their li^’■es. It is interesting that the nurse 
in the group felt similarly although intel- 
lectually aware that most polio patients 
do not die and few are completely incapaci- 
tated by residual paralysis.” 

The report includes a descriptive anal- 
ysis of the 11 patients with their varying 
personality deviations and reactions. It 
was predicted that Rorschacli studies may 
well prove of great interest and importance 
and that in this series “ most records show 
anxiety and/or neurotic shock.” Many 
manifest somatic concern. One patient 
reacting to a severe infection vdth marked 
depression was subjected to Rorschach 
tests 5 weeks apart, eliciting the follovung 
interpretations : “ In the first record taken 
during the forepart of her illness, we see 
e\ndence of a traumatic background and 
some neurotic tendencies. In addition is 
a severe reaction to her present situation 
with the expression of tremendous insecur- 
ity and color and shading shock. Depres- 
sion of affect is apparent as well as severe 
constriction of emotion and thinking and 
vdthdrawal from reality. In a record ob- 
tained 5 weeks later there is much im- 
provement, as is shown by the liberation 
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of fantasy material, rejection of only 1 
card, reduction in reaction time, increase 
in the number of responses, and the ap- 
pearance of tension material completelj’^ 
blocked by repression in the first record.” 

This preliminary sur\'ey represents a 
promising approach toward definition of 
the fundamental djmamics underlying 
personality deviations in association vath 
the psychic trauma, disorders in person- 
ality “effector” functions and situational 
factors, inherent in (a) anterior polio- 
myelitis in particular, and (b) chronic de- 
bilitating and deforming diseases in gen- 
eral. It would seem that until such 
investigations are pursued systematically 
with adequate numbers, controls and 
periods of observation, psychosomatic and 
psychiatric management (both prophylac- 


tic and corrective) must remain upon an 
empirical basis. 

Summary. The literature and some 
unpublished data are reviewed in sum- 
mary with reference to personality de^^a- 
tions occurring with or follonung infections 
of anterior poliomj'^elitis. S^'stematic in- 
A'estigation of the psychobiologic reper- 
cussions from anterior poliomyelitis is par- 
ticularlj" needed to evaluate the long-term 
effects UTOught upon the personality by 
prolonged illness, deformity, loss of func- 
tion, and resultant disturbance of the body 
image generally. Information derived 
from such research, if and when pursued, 
should enhance immeasurably the efficacy 
of over-all management of the “polio” 
patient by disclosing verifiable principles 
for his psychotherapy to supplant the 
present empiricism. 
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PSYCHOSOMATIC EELATIONSHIPS IN ACUTE ANTERIOR POLIOMYELITIS 

By Franklin G. Ebaugh, M.D. 

AND 

Clarence S. Hoekstra, M.D. 

DENVER, COLORADO 


In the recent primer of poliomyelitis 
published by the American Orthopedic 
Association we see an excellent definition 
of the disease; “Poliomyelitis, or infan- 
tile paralysis, is an acute generalized sys- 
temic disease caused by a virus and char- 
acterized by inflammation of various parts 
of the central nervous system, but par- 
ticularly by the damage to or destruction 
of the large motor cells in the spinal cord, 
with resultant paralysis of the voluntary 
muscles innervated by them.”^^ 

The history of poliomyelitis probably 
extends back into antiquity. On an 
Egyptian tombstone dating from the 2nd 
century before Christ, there appears the 
figure of a man typically crippled by this 
disease.^ In recorded medical history as 
far back as 1784 we find a description of 
the disease by Michael Underwood, a 
British pediatrician. In 1835 John Bod- 
ham reported 4 classical cases in children 
occurring in England. It was Jakob Heine 
in 1840 who published the first extensive 
monograph of the disease, describing in 
detail the features of the disease and a 
discussion of its treatment. This was fol- 
lowed in 1860 by a second paper in which 
he pointed out the “spinal” character of 
the disease. Description and pathology 
were elaborated by such men as von Rein- 
eker, von Recklinghausen, Rissler and 
others. In 1890 Medin laid dorni the 
foundation of the epidemiology of polio- 
myelitis in pointing out that the disease 
was, without doubt, infectious in origin. 
From his and Heine’s work, the name 
Heine-iMedin’s disease was derived and 
applied to this disease. For elaboration 
of the epidemiology, etiology, pathology 
and prophylaxis, the reader is referred to 
the many excellent articles on these fea- 
tures in the current literature, such as 


Toomej'-,’® Sabin,*® Faber and Silverberg,® 
Francis,® and others. 

The first epidemic noted in this country 
was recorded by George Colmer in 1841. 
Subsequent epidemics have come and gone. 
This year (1946) has been recorded as the 
worst poliomyelitis year in 3 decades. 
This is the 4th successive year in which 
the polio rate has been very high. It was 
during the present epidemic that it reach- 
ed startling proportions in the state of 
Colorado and our attention was brought 
to the problem of emotional reactions to 
this disease. The many requests for psy- 
chiatric aid in the treatment of these 
individuals during the acute and con- 
valescent period emphasized the need for 
a study of the emotional impact of this 
disease on the personality. The need to 
study the patient from a psychosomatic 
standpoint, to study the patient as a 
whole, rather than the disease alone, was 
apparent. We have searched the litera- 
ture for a report of such a study but have 
found only signposts in various papers 
indicating the need for a psychosomatic 
study of poliomyelitis. Many papers 
comment in a general way: “The attitude 
of the patient and the family toward the 
wearing of the splint depends on whether 
it is worn and may be a deciding factor 
in determining success or failure of the 
treatment” (Stevenson*^). “The child 
crippled by, poliomyelitis may, unless care 
is taken, develop emotional reactions to 
his emdronment which may result in seri- 
ous personality maladjustment” (Gor- 
don^). “Remote sequelse of a psychas- 
thenic or neurasthenic nature were more 
common than pre\nously noted. Insomnia 
and nightmares were complained of. Irri- 
tability and emotional instability were 
noted and some complained of mental 
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fatigability mth poor power of concentra- 
tion, all of which might be indicative of a 
mild cerebral involvement. Neurocircula- 
tory asthenia was common, the sudden 
weakness, vertigo, palpitation and breath- 
lessness probably being due to sudden 
lowering of vascular tension incident to 
sympathetic dj^sfunction” (Bower and 
others*® 

In the recent .primer of poliomyelitis of 
the American Orthopedic Association,** it 
is pointed out that the emotional and 
psychologic manifestations in poliomye- 
litis have not been adequately studied or 
evaluated. Barbour,* in a 4 year follow- 
up (1935) of the adjustment of 60 handi- 
capped poliomyelitis individuals, reported 
that 6 (10%) of these 60 patients with 
residual paralysis showed emotional mal- 
adjustment and he pointed out the ob^^ous 
need for psychiatric help in those disabled. 
A study by Griffin et al.^ in 1937 was con- 
cerned with the physical therapeutic set- 
up, the use of optimistic reassurance as 
psychotherapy and directed play and oc- 
cupational therapy, but did little in analyz- 
ing the psj’chodjmamics of the phenomena 
they observed in their patients. They did 
emphasize the need of these individuals 
for such a mental hygiene program. More 
recent studies published by 2 social work- 
ers working separatelj' (Grant,® Copell- 
man^) underline the "severe emotional 
component in facing a diagnosis of polio- 
myelitis ” and the high incidence of behav- 
ior disorders — 38 % in 100 children. Low- 
man*^ recently described the well-rounded 
therapeutic program of the Orthopedic 
Hospital of Los Angeles in which the 
mental hygiene department plays a large 
role in assessing the social, educational 
and vocational aspects of each poliomyeli- 
tis patient. He indicates that these indi- 
\dduals very commonly have trouble in 
adjusting to their future from a personal- 
ity standpoint as well as from the stand- 
point of their physical disability. Of 
pertinent interest is an interesting psy- 
chiatric study of amputees in the army by 
Randall et al.^^ He demonstrated that 
these physically disabled soldiers showed 


a high incidence of anxiety and that 64% 
had trouble in adjusting themselves to 
their total life situation as cripples. 

In response to the obvious need for a 
study of the emotional impact of this 
illness on poliomyelitis victims, a study 
(Hoekstra*®) was undertaken at the Uni- 
versity of Colorado in the latter part of 
the recent Colorado epidemic. The pro- 
ject outlined was essentially a factual one 
and not a therapeutic set-up due to limited 
personnel. Its broad aim was to study 
the emotional impact of the illness. Case 
material was not selected except that we 
desired patients with some degree of pare- 
sis and a minimiun age limit of 14. The 
latter requirement was chosen because we 
wished to have a fairly stabilized person- 
ality structure, subject to previous stresses 
and strains of adjustment, on which to 
observe the effect of the illness. No other 
limits were imposed. Of a large number 
of hospitalized poliomyelitis patients, 16 
w’ere studied intensively during the acute 
and early recovery stages of their illnesses. 

The method of study is outlined as fol- 
lows: The patients w'ere apprised of the 
interviewer’s status and their cooperation 
in a study of poliomyelitis asked. None 
rejected the study although 1 of the 16, 
a nurse, became somewhat paranoid as her 
hospitalization progressed, was very criti- 
cal of nursing and medical care, felt she 
was regarded as “psychopathic” and was 
being used as a “guinea pig.” All others 
established good rapport and seemed to 
appreciate the special attention given and 
the superficial reassurance implicit in hav- 
ing an interested individual see them fre- 
quently. A “standard ” history was taken 
with psychiatric emphasis on personality 
structure, past history, and the indi\dd- 
ual’s emotional reaction to past illnesses 
and to the present illness. A thorough 
physical and neurologic survey' was re- 
corded. A Rorschach test was done as 
soon as conveniently possible after the 
onset of the illness. Thematic appercep- 
tion tests are to be done during the fol- 
low-up. A social history' from near rela- 
tives wdth emphasis on the pre-polio per- 
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sonality, past history, social adjustment 
and reaction to previous illnesses was 
requested on each patient. Inasmuch as 
this is a central nervous system disease, 
an electro-encephalogram on each patient 
was obtained. After this spade work, the 
patients were seen daily and their progress 
and behavior observed. A follow-up is 
proposed during the convalescent period 
after discharge from the hospital. At 
that time their progress, neurologic status, 
attitude and affect will be observed and 
another Rorschach test will be done. 
Some difficulty in carrying out this pro- 
gram in the acute phase of the illness was 
encountered due to the patient’s rigid 
schedule of physiotherapy (Kenny hot 
packs) throughout the day as well as 
routine nursing and medical care. 


wffien assayed against these initial data 
in revealing psychosomatic relationships 
and indicating trends of value. However, 
this pilot factual survey does show the 
emotional impact of the disease and is of 
sufficient interest, although incomplete, to 
report here in some detail. 

Almost all the patients studied expressed 
on query a conscious feeling of shock and 
fear for their lives when they first learned 
their illness was poliomyelitis. Most of 
these 16 patients reacted initially with 
varying degrees of affective depression and 
tearfulness or a desire to cry. Almost 
every one felt that most patients with 
poliomyelitis die or are so severely crip- 
pled that they are complete invalids for 
the rest of their lives. It is interesting 
to point out that this is not an intellectual 


Fio. 1 . — Illustrative Consolidated Clinical Record 

Name AND Date: J. N. Onset, 7/31/46; admitted, 8/5/46; interview, 8/9/46. Age: 39. Sex: male. 

Neurologic: Paresis: paralysis of right forearm +-f + and right arm + + + ; weakness in right 
hand -t-+ and left thigh -h. Spinal Fluid: 8/2/40, Cells, 26, Prot.: 56. 

Mental Status: Attitude: very cooperative; appears somewhat worried about his condition— con- 
cerned about return to work. Affect: appropriate; smiles readily to jokes. Other: — . 

Rorschach; 9/13/46; R-32; very ambitious extrovert beyond ability; above average intelligence; 
passive trends; lively affect with considerable drive but not unstable; compulsive tendency shown 
in experience balance — a tendency to passiveness for which ambitious drive may be a compensation. 

Social and P. P. Historv: Personality: extrovert; shows a labile effect, responding to environment 
readily; outgoing in interests; describes himself as an idealist. Neurotic Traits: somewhat unhappy 
childhood due to parental differences, no manifested neurotic traits; average school grades; married 
twice; first wife left due to irregular work record, reacted to separation with despondency and 
inclination to drink for about 1 year. Reaction to Previous Illnesses: no serious illness until age 22 
— severe quinsy; was taken to hospital late because mother was Christian Scientist; had to have 
emergency operation; was despondent and worried if he ever would come out of the hospital. 
Other: father inclined to drink — was a railroad man for many years; was somewhat strict; mother 
died when patient was 24; was a Christian Scientist; verj’- worrisome; troubled a lot by sick headache. 

Present Illness; About 7/31 complaining with sore neck, tiredness and that light bothered his eyes; 
had been in bed for about 10 days previously with "flu;” seen by railroad doctor and sent to St. 
Joseph’s Hospital 8/2; on 8/3 noticed tingling in his arms, chills and fever; an L.P. done at that 
time; when awakened 8/4, right arm was paralyzed; transferred here 8/5. Habitus; athletic 
D-po, always in excellent health. Reaction tjTse summarj’^: somewhat emotionally unstable 
extrovert who reacts to adverse circumstances with depression: otherwise personality is rather 
stable; has made a good adjustment in work and present marriage; has reacted to polio with 
moderate affective depression which responds fairly well to simple reassurance. 


In Figure 1 is shown the type of con- 
solidated record made on each patient 
from the rather voluminous clinical record 
and various laboratory procedures. As 
can be seen from this consolidated form, 
there are a number of variables in each 
patient, any of which can be used as a 
point of departure for analysis. We be- 
lieve tlutt the follow-up during the con- 
walescent period will be most valuable 


belief necessarily, but more an emotional 
state. This is exemplified in the patient 
in this group who was a practicing regis- 
tered nurse at the time of contracting the 
illness (R. E., Seventh patient in Table 1.) 
She had had much experience in the treat- 
ment and nursing care of poliomj'elitis 
and, although intellectually aware that 
most polio ^^ctims do not die and that 
few are significantly incapacitated by 
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residual paralysis, was very emotionally 
upset, tense, tearful and aggressively re- 
sentful about Her illness in a paranoid 
manner. Her only physical evidence of 
poliomyelitis was a mild paralysis of 
muscles in 1 thigh. 

We realize that this is too small a group 
of patients from which to draw valid 
conclusions. With this in mind, we have 
tried to view our findings objectively for 
trends and not conclusions. In a com- 
parison of the 5 patients with bulbar par- 
alysis (Table 1), 3 with severe spinal in- 
volvement as well as the bulbar localiza- 
tion had severe personality disruptions. 
The patient, B. R., with bulbar symptoms 
and moderate involvement of his arms 
showed an apparent good adjustment on 
the ward during the acute phase but 
demonstrated rigidly suppressed anxiety 
and insecurity in the psychologic test. 
These feelings later became apparent in 
his behavior during convalescence on the 
ward. One patient (C. W.) had very mild 
bulbar signs which disappeared rapidly 
so that he was able to leave the hospital 
symptom-free 16 days after the onset of 
his illness. It is obvious that bulbar 
symptoms, particularly when the ability 
to breathe is involved, are a very frighten- 
ing threat to life. It is not surprising that 
anxiety and insecuritj' was seen in large 
percentage in these individuals. No pa- 
tient who required the aid of a respirator 
was included in this survey. 

There seems to be little ewdence of any 
relationship between the severity of spinal 
paralysis and the severity of any psychiat- 
ric symptoms. However, in looking at the 
record from the standpoint of the clinical 
psychiatric picture, 7 of these 16 patients, 
almost 44%, showed moderately severe 
to severe disturbances in thinking and 
feeling. Two (G. G. and D, R.) were 
definitely mentally deficient before polio- 
myelitis. Of the remaining 5, 2 (S. J. and 
R. E.) had good previous personality ad- 
justment as near as could be determined 
from direct interview and a social service 


history. The remainder of this group of 
7 (J. N., W. B. and C. D.) had moderate 
to moderately severe psychiatric disturb- 
ances previously in their, lives. 

From the Rorschach studies done on 
these patients, it was possible to interpret 
their basic personality pattern, to estimate 
their intellectual ability and their emo- 
tional status at the time of the test, i. e., 
presence of anxiety, neurotic behavior 
patterns and degree of maturity and mood. 
Objecti\dty of interpretation of the records 
was maintained by ha\dng all of the tests 
examined by a trained psychologist* who 
had no other knowledge of the patients. 
All of the records showed distinct features 
of disturbance, usually in mood, feelings 
of insecurity and anxiety or somatic pre- 
occupation. Even those vdth apparent 
excellent adjustments to their illness 
(B. R., N. E. and B. B.) showed distinct 
abnormality in their Rorschach records. 
In 1 patient, S. J., who reacted to her 
severe poliomyelitis with marked depres- 
sion, we obtained 2 Rorschach examina- 
tions 5 weeks apart. A comparison of 
these records is extremely interesting be- 
cause they show a profound disturbance 
in her first record and a considerable 
amelioration in the second. In the first 
record taken during the early part of her 
illness, we saw evidence of a traumatic 
background and some neurotic tendencies 
verified by her social and personal history 
and, in addition, a severe reaction to her 
present situation with the expression of 
tremendous insecurity, color and shading 
shock, depression of affect, a severe con- 
striction of emotional feeling and a with- 
drawal from reality. In a record obtained 
5 weeks later there was much improve- 
ment. She showed liberation of fantasy 
material, rejection of only 1 card, reduc- 
tion in reaction time, increase in the num- 
ber of responses and the appearance of 
tension material which had been com- 
pletely blocked by her regression in the 
first record . e believe that the con vales- 
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cent follow-up studies on the other patients 
will be similarly revealing. 

The initial electro-encephalogram stud- 
ies on these 16 patients are of questionable 
significance. Ail were normal except 4. 
One (C. W.) was a borderline record of 
doubtful significance, a reexamination at 
the time was not obtained because of the 
patient’s early release from the hospital. 
One (D. R.) grossl 5 '^ abnormal record was 
obtained in an individual who had suffered 
from epilepsy since the age of 2. Two 
records (J. N. and M. I.) were grossl 5 ’- 
abnormal. Such cortical dysrhythmia is 
an occasional finding even in normal indi- 
viduals. It is interesting that neither of 
these 2 patients had bulbar or encephalitic 
symptoms. 

In spinal fluid studies in this grovp of 
patients, little or no direct relationship 
was noted between the cell count and/or 
protein content and the severity or extent 
of central nervous system involvement. 
It was felt that there was a tendency for 
a higher protein elevation in those with 
bulbar signs than those vith only spinal 
involvement. This was certainly nothing 
more than a trend, however. 

It was found, as others have reported, 
that indi\'iduals stricken by this disease 
usually were enjoying good or robust 
health when suddenly afflicted. In this 
group, all of the patients but 1 were 
in robust physical health. This exception 
was C. D., a dependent, ailing, emotional 
child of 16. One patient suffered from 
idiopathic epilepsy but physically was in 
good health. 

Summary. From this preliminary study 
of 16 poliomyelitis patients selected at 
random for a factual psychosomatic study, 
it can be stated that: 1. These indi^^duals, 
when they first realized the nature of their 


illness, reacted uniformly with depression 
and anxiety. 

2. Those with bulbar signs in addition 
to the spinal type of paresis tend to have 
a greater psychologic disturbance than 
those individuals with only spinal in- 
volvement. 

3. These psychiatric disturbances de- 
veloping in relationship to poliomyelitis 
are reversible to some degree by psychiat- 
ric therapy as measured by the Rorschach 
test. 

4. Electro-encephalographic tracings in 
individuals with spinal and bulbar types 
of poliomyelitis show no significant dys- 
rhythmia. 

5. Spinal fluid findings are not typical 
as to the various types or degree of in- 
volvement in poliomyelitis although the 
protein content tends to be higher in those 
individuals with bulbar sj^mptomatology. 

Conclusions. 1. A definite need for the 
study of the psychosomatic aspects of 
poliomyelitis has been expressed by many 
workers in this field. Psychiatric disturb- 
ances are rather commonly observed. 

2. No factual study vdth a follow-up 
through the convalescent period has been 
carried out. Some attempts at a mental 
hj’^giene program and psychiatric and social 
service help in the period of rehabilitation 
have been carried out with evident success. 

3. A preliminary report of a factual 
study of poliomyelitis in 16 patients is 
presented. It points out that these pa- 
tients uniformly e.xperiencea sev^ere psy- 
chologic impact when learning of the 
nature of their illness which commonly 
results in functional or emotional symp- 
toms. That psychiatric therapy is needed 
during the acute as well as the remote 
convalescent and rehabilitation phases is 
obvious. 
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The Production of Hydropic Degenera- 
tion of the Islands of Langerhans by Intra- 
peritoneal Glucose Iniections in the Cat. 
F. C. Dohan, M.D., and F. D. W. 
Ldkens, M.D. (George S. Cox Med. Res. 
Inst., Hosp. of the Univ. of Penna). 
Previous studies have suggested that an 
elevated level of blood glucose maj', under 
certain circumstances, result in lesions of 
the pancreatic islets. To study this 
question further cats were given repeated 
intraperitoneal injections of 20% glucose 
in phj'siologic saline. With this high car- 
bohydrate intake, ext^a^^tarai^s particu- 
larly thiamine were administered. Many 
cats died after a few days vith a sjmdrome 
of anorexia, ataxda, weakness of liind legs 
and occasional con\’ulsions. However, 
some cats did not develop this sjmdrome 
or recovered from it so that the injections 
could be continued for weeks. Daily de- 
terminations of the blood glucose concen- 
tration established the degree and dura- 
tion of hyperglycemia. Sections of the 
pancreas from 13 cats have been exam- 
ined. Seven animals injected from 14 to 
104 days had hyperglj'cemia for 9 or more 
days and showed marked hydropic degen- 
eration of the beta cells. The other 6 ani- 
mals were injected for 6 to 24 days but 
showed hyperglycemia on only 6 days or 
less. In this group the islands were nor- 
mal. In addition, in 1 normal cat hyper- 
glycemia was maintained for a period of 
39 days by means of glucose injections. 
After stopping the injections the cat re- 
mained severely diabetic and developed 
diabetic acidosis 22 days after the last 
injection of glucose. During this period 
of permanent post-injection diabetes it 
excreted 100% of the calculated available 
carbohydrate of its diet. 

It is believed that these findings of 


hydropic degeneration of the beta cells 
and permanent diabetes mellitus following 
prolonged intraperitoneal injections of glu- 
cose add further support to the hypothesis 
that a sustained elevation of blood glucose 
may, under certain conditions, lead to the 
production of damage to the islands of 
Langerhans in this species. Other dis- 
turbances which might be responsible 
wholly or in part for the island lesions 
are under studj'. 


The Effect of Detergents and Semi- 
detergents Upon the Resting Potential of 
Muscle. Rudolf Hober, M.D. (Dept, 
of Physiology, Univ. of Penna.). The 
effect of detergents is due to the non-polar- 
polar conhguration of their ions, the non- 
polar part of the effective ion being organo- 
phUic, the polar hydrophilic. In the ordi- 
nary technical products, the organophilic 
part contains alkyl chains of various length 
and the hydrophilic part sulfonate or sul- 
fate. The alkyl chains by their surface 
activity adhere to many organic sub- 
stances, among them cell surfaces, and, 
due to the pull of the hydrophilic sulfo- 
nates towards the water, thej'- can disin- 
tegrate non-liring and bring colloidal 
aggregates {irreversible denaturation, ir- 
reversible bacteriolysis). By appljdng de- 
tergents containing alkyl chains shorter 
than present in the technical products (1 to 
5 alkyl groups instead of S to 12), reversible 
physiologic effects are released, for instance 
in muscle resting potentials of various 
strength and direction and rise or fall of 
excitability. 

These properties are shown to be sig- 
nificant not only to detergents haring the 
typical molecular configuration, but also 
to substances somewhat dev-iating from 
the ordinarj* structure by variations in the 
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organophilic or in the hydrophilic compo- 
nents. I have called them semidetergents. 
They have been found among the metab- 
olites of the body (for example as de- 
toxication products) and among some 
kinds of drugs (for example, as derivatives 
of sulfa drugs) , They might be significant 
as being activators of resting cells, to throw 
them into function. 


The Oxygen Metabolism of the Dog’s 
Heart. J. E. Eckenhoff, M.D., J. H. 
Hafkenschiel, M.D., and C. M. Land- 
MESSER, M.D. (Dept, of Pharmacology 
and Harrison Dept, of Surgical Research, 
Univ. of Penna., and Dept, of Anesthesi- 
ology, Hosp. of Univ. of Penna.). In 
spontaneously breathing dogs lightly an- 
esthetized with nembutal, coronary blood 
flow was measured by a method already 
described (Am. J. Meb. Sci., 212, 123, 
1946); cardiac oxygen consumption was 
estimated from this and the coronary 
arteriovenous oxygen difference. The ven- 
ous samples were collected directly from 
the great cardiac vein; from the curves 
representing the uptake of nitrous oxide 
during inhalation of that gas, and from 
the fact that the venous outflow ceased 
entirely during occlusion of the corre- 
sponding coronary artery, we concluded 
that this was uncontaminated coronary 
venous blood whereas samples collected 
from the coronary sinus were not. 

The average oxygen consumption of 
the heart (left ventricle) under “normal” 
conditions was 9.1 cc. per 100 gm. per 
minute (s.d. 1.1). 

Cardiac oxygen consumption showed 
excellent correlations with coronary blood 
flow (r = 0.S5), coronary resistance (r = 
0.77), and blood pressure (r = 0.67). It 
was not closely related to cardiac output, 
or to cardiac work (?'. c., cardiac output X 
mean blood pressure); the data bearing 
on this suggested systematic variations in 
cardiac efficiency (?'. c., work per unit of 
oxygen consumed) depending on whether 
the work changes was produced by change 
in the peripheral resistance or in cardiac 
output. 


This was borne out by 4 experiments 
in which peripheral resistance was pri- 
marily increased and decreased by clamp- 
ing and unclamping the aorta just below 
the diaphragm, and another 4 in which 
cardiac output was primarily increased by 
intravenous infusions of gelatin or blood. 
In the former cardiac output and cardiac 
work decreased, while in the latter they 
increased; cardiac oxygen consumption 
increased in all eases but cardiac efficiency 
decreased in the former, increased in the 
latter. Under these circumstances there- 
fore cardiac efficiency varied directly with 
the cardiac output and inversely with the 
peripheral resistance. 

Under “normal” conditions the oxygen 
content of arterial, mixed venous and 
coronary venous blood averaged about 20, 
15 and 5 vols. % respeetivelj'^; even when 
the circulation was markedly depressed 
the latter seldom fell below 2 vols. % and 
sometimes its oxygen content was higher 
than that of mixed venous blood. Evi- 
dence was obtained that the heart has 2 
protective mechanisms in circulatory de- 
pression: (1) the fraction of cardiac out- 
put passing through the coronaries then 
increases, while (2) cardiac work decreases, 
and udth it the need of the heart for 
oxygen. 

The intrinsic control of the coronary 
circulation was found to resemble that of 
the cerebral both in independence of vaso- 
motor innervation and in dependence on 
the metabolic requirements of the tissue. 
Under the e.xisting e.xperimental condi- 
tions, at least, the resistance in the coro- 
nary circulation was governed predomi- 
nantly by the existing oxygen consumption 
of the heart. 


Cytochrome c in Regenerating Rat Liver 
and Its Relation to Other Pigments. 
AIarylizabeth W. Craxdall and David 
L. Drabkix (from the Dept, of Physio- 
logieal Chemistry, School of ^ledicine, 
Univ. of Penna.). Partial hepatectomy 
(liver lobectomy) is proposed as a technique 
in the investigation of the metabolism of 
tissue constituents. Owing to the multi- 
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lobed character of rat liver and the ana- 
tomic constancy of relationship of indi- 
^ddual lobe weights to total liver mass, 
this technique has the advantages of ease 
of applicability and quantitative repro- 
ductibility. Analytical values upon the 
tissue excised at hepatectomj' serve as 
“internal” controls, jdelding the concen- 
tration and total quantity of constituents 
in the remaining liver tissue (A valves). 
Regeneration (restoration) of tissue after 
excision of approximately two-thirds of the 
liver is relatively rapid (about 80 % resto- 
ration in 2 weeks). The concentration 
and total quantity of the desired constitu- 
ents are now obtained upon the restored 
liver after sacrifice of the animal (B valves). 
B valves — A valves = new material which 
appears dxiring regeneration. 

This type of “depletion technique” has 
been applied to a study of the rate of pro- 
duction of cytochrome c. In a postopera- 
tive period of 14 daj's, the total increase 
in new cj’-tochrome c in liver was 571 gam- 
ma, or a daily increment of 41 gamma. 
Since the total cytochrome c in the re- 
stored liver averaged 1313 gamma, 41 gam- 
ma represents a daily increment of 3.5%. 


This rate of appearance of new cytochrome 
c compares favorably on a percentile basis 
with that of hemoglobin production in 
dogs depleted by Whipple’s hemorrhage 
technique.^ 

The interpretation of the results has 
been aided by data on the content of 
water and protein-bound phosphorus (as 
an index of cellularity') and by supple- 
mentary analysis for cytochrome c in 
skeletal muscle, kidney corte.x and heart. 
IWiile it is most likely that the new cyto- 
chrome c in liver has been produced in 
the regenerating tissue, the present ex- 
periments have not excluded the possi- 
bility that the new cytochrome c in liver 
may have been transferred to this tissue 
from skeletal muscle. 

Sufficient analytical data have been 
accumulated to permit a reliable estima- 
tion of the total cytochrome c, myoglobin, 
and hemoglobin of a young, adult albino 
rat (reference body weight 250 gm.). The 
quantities in descending order were hemo- 
globin 3190 mg., myoglobin 101 mg., and 
cytochrome c 14.4 mg. The ratio of these 
main hemin derivatives is therefore 222 r 
7 : 1 in this species. 
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Starling’s Principles of Human Physiol- 
ogy. Edited and revised by C. Lovatt 
Evans, D.Sc., F.R.C.P., F.R.S., LL.D., 
Jodrell Professor of Physiology, University 
College, London. With chapters on the 
special senses by H. Hartridge, M.A., 
M.D., Sc.D., F.R.S., Professor of Physiol- 
ogy, St. Bartholomew’s Medical College. 
9th ed. Pp. 1165; 668 ills., including 7 
in color. Phila.; Lea & Febiger, 1945. 
Price, SIO.OO. 

Among the half-dozen or so recent com- 
prehensive te-xtbooks of human physiology 
in English the ninth edition of Starling, like 
its 8 predecessors, occupies a place not com- 
pletely shared by any of its rivals. Among 
its prominent characteristics are breadth of 
view, clarity of statement, emphasis on 
normal physiologic processes rather than on 
clinical problems, and especial fullness of 
treatment of basic chemical and physical 
principles. Its position as perhaps the most 
general of all the modern textbooks is 
furtlier strengthened in the present edition 
by an innovation in the form of brief histori- 
cal reviews at the beginning of each of its 
main sections. These are said in the Preface 
to have been introduced as an experiment; 
to the Reviewer, at least, the success of the 
experiment alreadj^ seems obvious. The 
general arrangement of the subject matter 
is much the same as in the earlier editions, 
Imt a considerable amount of new material 
has been added. An unusually large num- 
ber of ^Yell-chosen illustrations and numerous 
references to the original literature in con- 
venient footnote form are additional valu- 
able features of a generally admirable work. 

M. J. 


Physical Treatjient by Motoment, Ma- 
NiPUL-moN AND Massage. By James B. 
Mennbll, M.A., M.D., B.C.'(C.^NTAn.), 
Consulting Physical Therapist, St. Thom- 
as’s Hospital, and late Lecturer, NIassage 
Training School. 5th ed. Pp. 512; 288 
ills. Phila.: Blakiston, 1945. Price, 87.00. 
The fir.st edition of this book was pub- 
lished during World War I, and this fifth 
during World War II. Thus, his work has 
spanned that quarter of a century which 


has seen so many changes and advances in 
Medicine as a whole, and has witnessed 
the renaissance or resurgance of interest 
in Physical Treatment. 

Successive editions have kept pace with 
the newer techniques which have been 
developed during the intervening years. 
The original sections on Massage were so 
firml}'- grounded on scientific and physio- 
logic principles and so clearly presented that 
there was little need for additions in the 
present edition. Indeed, it is not too much 
to say that, throughout the English-speak- 
ing world, MennelTs book is generally re- 
garded as the standard work on massage. 

The author summarizes well the physical 
treatment of infantile paralysis, but has not 
given sufficient credit to Sister Kenny. 
Whatever deficiencies there are in the Kenny 
Method, it is used in ioto, or in a modified 
form, in nearly all the institutions and 
organizations in this country where infantile 
paralysis cases are treated, and also in many 
parts of the British Empire. To put it 
differently. Sister Kenny has done more to 
systematize the physical therapy of infantile 
paralysis than any other person. 

The Preface to the first edition, which is 
included in the present edition, reveals the 
author as something of a prophet. In these 
days of renewed interest in Phj>'sical Medi- 
cine it is interesting to read what he UTOte 
28 years ago. 

All phj^sicians practicing Physical Medi- 
cine, as well as physical therapists, should 
own this book. They will be amply repaid 
by reading it because of the solid scientific 
material it contains, presented in Mennell's 
facile stjde, which might well be the envj' 
of many vTiters of non-technical books. 

S. H. 


American Foundations for Social Wel- 
fare. By Shelby M. Harrison and F. 
Emerson Andrews, Russell Sage Founda- 
tion. Pp. 249; 4 ills. Brattleboro: 
Hildreth, 1946. Price, 82.00. 

The authors, who are associated vath the 
Russell Sage Foundation, have compiled in 
this book valuable information concerning 
the origin and organization of Foundations 
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in America. Chapters are devoted to the 
description of the t 5 'pes of Foundations, 
organization and administration, and the 
fields of actirnty. The problems related to 
the financial aspects of Foundations are also 
discussed. There is included a comprehen- 
sive list of 505 American Foundations in- 
cluding a description of their purpose and 
activities, a statement of their capital assets, 
and recent expenditures. W. S. 


Electeocardioghaphy, Including an Atlas 
of Electrocardiograms. By Louis N. 
Katz, A.B., M.A., M.D., F.A.C.P., Direc- 
tor of Cardiovascular Research, Michael 
Reese Hospital, Chicago; Professorial 
Lecturer in Ph 3 ’’siology, University of 
Chicago. 2nd ed. Pp. 883; 525 ills. 
Phila.: Lea & Febiger, 1946. Price, 
S12.00. 

This comprehensive text of electrocardiog- 
raphy has been rerdsed and enlarged. A 
bibliography has been appended to each 
chapter. There are numerous summarizing 
tables. Illustrative tracings usualty include 
the chest leads CF2, CF4 and CF5. There 
are full discussions of physiologj' in relation 
to eleot^ocardiog^aph 3 ^ The sections on 
m 3 ''ocardial damage are notable for the 
reproductions of serial tracings taken at 
various stages of the illness. W. J. 


General and Plastic Surgery. B3" J. 
Eastjian Sheehan, M.D., Professor of 
Plastic Reparative Surger 3 '-, New York 
Potyclinic Medical School and Hospital. 
Pp. 345; 496 ills. New York; Hoeber, 
1945. Price, 86.75. 

This book admirabty covers a broad field. 
The author draws hearity upon recent war 
experiences in Spain and England for mate- 
rial to demonstrate traumatic and recon- 
structive surger 3 '. Such fundamentals as 
earty wound debridement and treatment of 
abdominal carity trauma are stressed, as 
well as the definitive or reconstructive 
stages of plastic repair of special regions. 
The patient is considered as a therapeutic 
entity and is followed from the time of 
wounding to the stage of final cosmetic 
repair. Appropriate^ placed emphasis on 
the plastic reconstructi%'e phase of injuries 
accompanies descriptions of earh' manage- 
ment, and there is no preponderance toward 
specialized uncorrelated plastic procedures. 


The volume nill be valuable for the 
military or industrial surgeon who may have 
a special interest in plastic surgery-. The 
problems of hand infections, burns, head 
trauma and peripheral nerve injuries so 
common in industrial practice are treated 
in adequate detail for use by one trained 
in general surger 3 L The ver 3 ' diversiti’ of 
the text and its excellent correlation be- 
tween the principles of general and plastic 
surger 3 % in the words of Churchill, provide 
a guide for the “general plastic surgeon." 

The author’s civilian e.xperience is veil 
shonm in the chapter on plastic surgery of 
the nose and cleft deformities of the face 
and palate. The brief, clean-cut descrip- 
tions, elimination of outmoded methods of 
repair, and simplified illustrations make the 
text readily usable. 

The entire volume is profusely illustrated 
with drawings and photographs. H. R. 


Fractures of the Jaws. By Robert H. 
IvT, M.D., D.D.S., F.A.C.S., Professor of 
Plastic Surgery, School of Medicine and 
Graduate School of Medicine, and of 
Clinical Maxillo-Facial Surgery, School of 
Dentistr 3 ', University of Pennsylvania; 
Chief of Plastic Surger 3 % Graduate Hospi- 
tal, etc.; Medical Officers Reserve Corps, 
U. S. Army; and L.vmiENCE Curtis, A.B., 
M.D., D.D.S., F.A.C.S., Associate Pro- 
fessor of Plastic Surger 3 ’-, Graduate School 
of Medicine; Assistant I^ofessor of iMaxil- 
lo-Facial Surger 3 ', School of Dentistr 3 ’, 
University of Penns 3 ''lvania; Chief of Oral 
and Plastic Surgeiy, Bryn MavT Hospital, 
etc. 3rd cd. Pp. 174; 199 ills. Phila- 
delphia ; Lea & Febiger, 1945. Price, 84.50. 
The 3rd edition of this "old fav'orite” i.' 
well received at this time. Its reemphasb 
upon the simpler methods in the manage- 
ment of jaw fractures coincides vrith the 
return to civilian life of numerous ph 3 'sicians 
and dentists who had been engaged in 
handling gunshot fractures in the armed 
forces. Man 3 ’ of these individuals, who may 
have had no prior interest in maxillo-facial 
injuries ma 3 ’ desire to continue their work 
in this field, and this book provides an 
excellent background for both dentist and 
surgeon. 

As indicated in the Preface to the 1st 
edition of this work, most of the measures 
used in treatment can be performed without 
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the services of a highly technical dental 
laboratory, and they are, therefore, vdthin 
the reach of the professional staff of any 
hospital or of any dentist. The surgeon in 
charge of these cases, although he may not 
be a maxillo-facial specialist, must see to 
the completion of the detailed treatment if 
he receives them under his care. The 
simplicity of approach and clear descriptions 
and illustrations make this task an easier one. 

The additional chapters on radiographic 
technique by Dr. LeRoy M. Ennis and on 
dietary management by Dr. Clyde W. 
Scogin are timely. Often mistakes in treat- 
ment occur that are due to ineffective liaison 
between oral surgeon and radiologist. The 
latter may fail to understand the type of 
film desired and the reasons thereof, and 
the clinician frequently does not make his 
meaning clear to the radiologic consultant. 
Study of this chapter by both radiologist 
and oral surgeon is recommended. 

The outline of feeding by Dr. Scogin com- 
pletes the picture of modern management in 
jaw fractures. Although the diets given are 
qualitatively adequate, it is questioned 
whether they contain sufficient protein for 
optimum wound healing, and it is antici- 
pated that they will need to be supplemented 
with powdered milk or a protein digest. 

H. R. 


Cornell Conferences on Therapy. Vol- 
ume I. Edited by Harry Gold, Manag- 
ing Editor, David P. Barr, McICeen 
Cattell, Eugene F. Du Bois, and 
Charles H. Wheeler, Editorial Board, 
Cornell University Medical College. Pp. 
322. New York: Macmillan, 1946. Price, 
S3.25. 

This volume is simply an edited record 
of a selected series of round table forums 
on various problems of therapy, ranging in 
time from 1939 to 1946. It includes discus- 
sions by several different phj^sicians, pharma- 
cologists and students on each of the follow- 
ing subjects: (1) The Doctor’s Bag, (2) 
Use and Abuse of Bed Best, (3) Hypnotics 
and Sedatives, (4) Psj'chologic Aspects of 
the Treatment of Pain, (5) Surgical jMeas- 
urcs for the Belief of Pain, (6 and 7) Treat- 
ment of Heart Failure (I and II), (S) Digi- 
talis rs. Digito.xin, (9) The Use of the :Mer- 
curial Diuretics, (10) Treatment of Subacute 


Bacterial Endocarditis, (11) Management of 
Abdominal Distention, (12) Treatment of 
Some Intestinal Infestations, (13) Treat- 
ment of Some Common Diseases of the Eye, 
(14) Treatment of Poisoning, and (15) 
The Rh Factor in Therapy. 

Each chapter is printed in conference form 
with an authority on the topic delivering 
a prepared introduction. The remainder of 
each conference is devoted to informal and 
extemporaneous discussion covering patho- 
logic physiology, drugs and therapeutic pro- 
cedures as related to the particular subject. 
Consequently one gets several different 
authoritative views on controversial matters. 
These discussions are, for the most part, 
interesting and stimulating. The editors 
have not attempted to provide a textbook 
on therapy. H. H. 


NEW BOOKS 

Daniel Coil Gilman. By Abraham Flexner, 
M.D. Pp. 173; 3 ills. New York: Har- 
court. Brace, 1946. Price, S2.00. 

This small book about a great educator and 
the first president of Johns Hopkins University, 
wTitten by another famous Hopkins man, is a 
timely contribution to thought upon higher 
education. 

The Centennial of Surgical Anesthesia. Com- 
piled by John F. Fulton, M.D., and 
Madeline E. Stanton, A.B. Pp. 102; 
9 ills. New York; Schuman, 1946. Price, 
S4.00. 

An annotated catalogue of books and 
pamphlets bearing on the early history of 
surgical anesthesia that is compact and thor- 
ough. 

Clinica y Labor atorio. Interpretacidn y 

critica de los m^todos y resultados de los 
Analisis Clinicos. Por el Dr. Gustavo 
Pittaluga, Catedratico de la Facultad de 
Medicina de la IJniversidad de Madrid, 
con la colaboracion de los Doctores 
Enrique Gaijin, Antonio Guernica. 
Pp. 459; 94 ills. Habana, Cuba: M. V. 
Fresneda, 1946. Price, $9.00. 

This is a useful book for readers of Spanish. 
The \york of the distinguished Professor of 
Medicine at the University of Madrid, its 22 
chapters cover various methods of examinations 
of body fluids and functional tests of ^dscera; 
also virus, fungus and parasitic infections, hor- 
mone, biopsies and so on. 
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NEW EDITIONS 

Hygiene. By J. R. Currie, M.A. (Oxon.), 
M.D., LL.D. (Glas.), D.P.H. (Birm.), 
F.R.C.P. (Edin.), Professor-Emeritus of 
Public Health, University of Glasgow, and 
A. G. Mearns, B.Sc., M.D., D.P.H. 
(Gras.), F.R.S. (Edin.). 2nd ed. Pp. 
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Influenza B virus was first isolated tion of the epithelium of the tracheobron- 
independently by MagilF and Francis^ in chial tree, pulmonary hemorrhage and 
1940, and since then it has been recog- necrosis, as well as paucity of cellular 
nized as the cause of outbreaks of influenza reaction. The lungs contained enormous 
both in the United States and abroad. As numbers of staphylococci. Nigg, Ekland, 
Horsfall® pointed out, influenza is an in- Wilson and Crowley^® reported a 50% 
exactly defined symptom-complex. It is mortality in 8 patients (average age over 
now accepted that the exact diagnosis of 45 years) who developed pneumonia in 
influenza is most satisfactorily established the course of influenza B. 

the demonstration of at least a 4-fold Because of the prospect of an epidemic 
rise in antibody titer as determined by of influenza in this community, it was 
the Hirst test,® or by isolation and identi- planned to study a group of patients 
fication of the causative idrus. Epidemic should an outbreak occur. The purposes 
influenza may be caused by various strains of the investigation were not only to 
of either influenza A or B virus, but in attempt to determine the causative agents, 
some outbreaks neither idrus has been but also to appraise clinical^’’ the value 
incriminated in as many as 30 % of the of sulfonamide prophylaxis in diminishing 
cases." Furthermore, it has been reported the frequency of bacterial complications, 
that both A and B viruses may occur Hence a plan to treat alternate cases with 
simultaneously in the same population, sulfadiazine was projected, 
or, rarely, in the same individual. The present report is based upon the 
Gordon® has shown that there are quanti- findings in 46 patients who were admitted 
tative diflercnces as well as antigenic rela- to the Strong Memorial and Rochester 
tionships between strains of influenza B IMunicipal Hospitals from Dec. 10 to 18, 
virus. That a strain of influenza B virus 1945, inclusive. Actually about 80 pa- 
may be associated with fatal bacterial tients with a similar pattern of disease 
infection has been reported by Himmel- were observed during the months of 
weit< who isolated the virus from a patient November and December, but we have 
who quickly succumbed to pneumonia. limited the miinber of cases considered 
Postmortem examination showed destruc- here for the following reasons. First, 

WL. UlS. SO. 2 — u-.mu'Miv, 1017 
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lacking positive etiologic evidence, there 
is no certain way of differentiating influ- 
enza B from many other acute respiratory 
illnesses. Secondly, before December 10, 
most of the patients suspected of having 
influenza seemed to represent sporadic 
cases from the community at large. 
Thirdly, a sudden influx of cases between 
December 10 and 18, inclusive, was largely 
from a somewhat isolated group of young 
men living on the River Campus of the 
University of Rochester. These patients 
represented only the more severely ill 
cases from that campus. Fourthly, the 
admission rate dropped abruptly after 
December 18, and from then on only 
apparently sporadic cases were seen. 
Hence, a precipitous onset in a detached 
and fairly homogeneous group character- 
izes the bulk of the cases reported. Of 
the 46 patients, 37 were male, and 9 were 
female. Their ages ranged from 17 to 
62 years; five-sbcths of the group were IS 
to 22 years of age. Thirty-four were 
students at the River Campus, 10 were 
personnel of the hospitals, and the re- 
maining 2 were from the community at 
large. The student bodj' and the hospital 
personnel were vaccinated against influ- 
enza A and B between December 15 and 
19; 8 of the patients were members of 
these vaccinated groups. The latter had 
symptoms of from 1 to 3 daj-s duration 
that were thought, in most cases, to be 


due to actual infection rather than to 
have resulted from the vaccine. 

The clinical stud}' of the patient in- 
cluded, in addition to the routine history 
and physical examination, white blood 
cell counts and differential counts, bac- 
terial cultures of the blood and naso- 
pharynx, serologic tests for cold hem- 
agglutinins and heterophil antibodies. 
From 4 patients the nasopharyuigeal 
washings were inoculated in embryonated 
hen’s eggs and intranasally in mice in an 
attempt to isolate a virus. From these 
same 4 patients and 5 additional ones, 
serum was obtained on admission, and 
again 3 or 4 weeks later, for the perform- 
ance of the Hirst test. Twenty-three 
patients had chest roentgenograms. Be- 
cause of the rapidity of admissions and 
the shortage of personnel, all of the pro- 
jected studies were not performed in every 
case. 

Symptoms and Signs. Twelve patients 
had symptoms for a day before admission 
to the hospital, 18 for 2 days, 10 for 
3 days, and 8 for 4 to 7 days. Three- 
fourths of the group had only low grade 
fever (not over 38° C.). Ten patients had 
temperatures of 39° C. or higher, Avith 
relative bradycardia and normal respira- 
tory rates. The clinical symptoms and 
signs in the 46 patients under considera- 
tion are grouped together in Table 1 in 
order of decreasing frequencj'. Except 
for 1 indi\adual who had had a cough and 


TtDi.E I. — Incidence of Symptovs and Signs in 46 Cases of Influenza B 


Dry cougli 

. 37 

Injected nasal mucosa . 

. 30 

Headache 

. 32 

Suffusion of eyes 

13 

Chilliness 

. 29 

Flushed facies 

10 

Fever . 

. 27 

CerWcal lymphadenopathy 

7 

Sore throat 

27 

Generalized Ijamphadenopathy 

5 

Corj-za 

. 23 

Perspiring freely 

3 

Myalgia 

. 18 

Injected tjunpani 

3 

Malaise 

. 14 

Pulmonary riles 

4 

.Vnorevia . 

. 12 

Pulmonarj' rhonchi 

3 

Substernal pain 

. 12 

Palpable submaxillao' glands 

n 

Ocular myalgia 

. 11 

Prostration 

o 

.Asthenia . 

. S 

Sinus tendeme's 

1 

Vomiting 

e 

Palpable spleen 

1 

1 

1 

1 

1 

1 

Photophobia 

. 4 

Papular rash 

Hoarseness 

. 3 

Nuchal rigidity 

Otalgi.a 

o 

Lethargy . 

Diarrhea 

2 

Delirium 

.Abdominal cramps 

Injected pharj-nx . . 

2 

. ! 37 

Lacrimation 
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slight loss of weight for a month, all were 
in good health prior to the onset of symp- 
toms. A typical case is described: 

Case 1. V. V. (216850), a 19 year old 
student from the River Campus, Avas ad- 
mitted on Dec. 12, 1945, with the complaints 
of sore throat, non-productive coughing, gen- 
eralized aching, malaise, coryza, retrobulbar 
pain, retrosternal pain on coughing and fever 
of 2 days duration. His temperature was 
40.6° C., pulse 110 and respirations 20. He 
appeared acutely ill. The facies were flushed 
and the conjunctivte suffused. The pharynx 
was injected, and there was catarrhal otitis 
media bilaterally. R^les were audible in 
the region of the right upper lobe. On ad- 
mission, the white blood cell count was 
3600 of which 73% were neutrophils, 24% 
lymphocytes and 2% monocytes. Roent- 
genogram of the chest showed an increase 
of the bronchovascular markings. Blood 
culture Avas negative, Avhile alpha-hemolytic 
colonies, Staph, auretis and a non-hemolytic 
streptococcus appeared in the nasopharyn- 
geal culture. AVliereas the sheep cell titer 
was 1:16, and the cold hemagglutination 
test negatiA'’e, the Hirst test showed that 
during conA^alescence he developed a sig- 


cell counts tended to be Ioav. Differential 
counts revealed from 60 to 90% neutro- 
phils; as a general rule, however, there 
Av^as no significant shift in the differential 
formula. Strep, pyogenes Avas found in the 
throat cultures of 4 patients; other bac- 
teria isolated by aerobic culture of naso- 
pharyngeal swabs on blood agar plates are 
listed in Table 3- Blood cultures were 
done on 31 patients. From 3 of these, 
bacteria of possible significance Avere iso- 
lated, in 2 instances Strep, viridans and 
in the third, a non-hemolytic streptococ- 
cus. From only 1 of the 3 cases was there 
available blood serum taken both early in 
the disease and during convalescence. 
The serums from this patient were tested 
for agglutinins against the organism iso- 
lated from the culture of his blood {Strep, 
viridans) according to a technique used 
by Finland.^ Serum taken at the onset 
of influenza agglutinated the strain to a 
titer of 1:160, Avhile serum taken 3 Aveeks 
later shoAved an identical titer of agglu- 
tinins. It is, therefore, impossible to 
assess any significance to the finding of a 


Table 2. — Admission White Blood Cell Counts 

No. No. 

Rango patients Range patients 

2000 to 4900 .... 19 SOOO or more 3 

5000 to 7900 .... 21 Not done 3 

Table 3. — Nasophaha'ngeal Flora 

No. No. 

Bacteria patients Bacteria patients 

Staph, albus ..... 13 H. influemx .... 4 

H. parainfluenza; . . .11 Staph, albus hcmolyticus . 3 

Strep, viridans .... 11 W. catarrhalis .... 3 

"Diphtlieroids” ... 9 Staph, aureus hcmolyticus . 3 

Non-hemolytic streptococci 8 M. tclragenus .... 1 

Staph, aureus . ... G Not done IS 

Strep, pyogenes .... 4 


nificant rise in titer of antibodies against 
influenza B virus. He Avas treated with 
37 gm. of sulfadiazine oATr a period of 7 days, 
although he exhibited feATr for only 3 daj's. 
The Avhite blood cell count increased to 
6200 during the period of administration of 
sulfadiazine. Following discharge on the 
Sth day, he experienced asthenia for 2 days, 
but felt well thereafter. 

L.abor.atory Findings. As may be 
seen in Table 2, the admission Avhite blood 


streptococcus in this patient’s blood. 
Furthermore, the failure to demonstrate 
an increase in antibodies against it dur- 
ing convalescence would make one look 
askance upon the other 2 instances in 
AA'hich the streptococci Avere obtained bi' 
blood culture. 

Tests for cold hemagglutinins were done 
during the 1st AA'eek in 19 patients. The 
test was negatiA-e in 11, and insignificant 
titers Avere found in S, the highest being 
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1:20. However, when checked about 

1 month later, the latter’s serum had a 
titer of 1:160. This patient’s hospital 
course of 6 days was unremarkable, but 

2 weeks later he had fever, cough, and 
headache and remained in bed for a week. 
This person may have had influenza, but 
clinical relapse and rising cold hemagglu- 
tinin titer during convalescence suggested 
the possibility of primary atj-pical pneu- 
monia. Serums obtained, after an interval 
of 3 or 4 weeks, from 7 additional patients, 
whose initial level of cold hemagglutinins 
had been determined, did not reveal any 
rise in titer. 

Heterophile antibody tests were done in 
17 instances. The results were negative 
in 3, insignificant in 13, and positive to 
1:256 dilution in 1 patient. 

Case 2. A student from the River Cam- 
pus had chilliness, fever, headache, backache, 
malaise, sore throat, corj'za and drj' cough 
for 2 days prior to admission. The tempera- 
ture was 38.5° C., pulse 108 and respirations 
21. He, too, appeared toxic and had injec- 
tion of the nasophar}mx. The white blood 
cell coxmt was 4700 with 74% neutrophils, 
18% Ijonphocytes and 6% monoc 3 'tes. The 
chest Roentgen raj’’ revealed increased bron- 
chovascular markings in the right lower lobe. 
Strep. I'iridaris was obtained on culture of 
the blood. The Hirst test was negative. He 
was treated with 22 gm. of sulfadiazine over 


a 6 day period during which the leukopenia 
became more marked. "When the sheep cell 
titer was repeated I month later, it ws? 
1 : 128. He had been well in the interval. 

Another student with a negative Hirst 
test and an equivocal titer of agglutinins 
for sheep erj’throcjTes (1:32) had a total 
white blood cell count of 4000 per mm.; 
48% of the cells were l\'mphoc,vtes. His 
course was uneventful, and he did not 
report for interview several weeks later. 
He may, howei'er, har^e had infectious 
mononucleosis rather than influenza, hlen- 
tion should be made of the fact that 
sporadic cases of infectious mononucleosis 
had been observed in the student body 
during the few weeks preceding the out- 
break of influenza. Two patients were 
thought to have had only' systemic reac- 
tions to vaccinations for influenza .4 and 11, 
rather than influenza. 

All the remaining patients were consid- 
ered to have had influenza B. As is 
shown in Table 4, Hirst tests (4) were per- 
formed on 9 of tliese selected at random. 
During convalescence none developed an 
increase in circulating antibodies against 
influenza .4 virus. Two were entirely 
negative, 1 of these was from the individ- 
ual known to have had infectious mono- 
nucleosis, the other from the student de- 
scribed above who was suspected of having 


Table 4.— Results or Hirst Tests Done With Acvte Phase anb Convalescent Sebcms 
OF 9 P.^tients Selected at Random 


Influen7a IiiHin-nra B 



PaticntA 

a 

c 

a 

c 

a 

c 

M. 

.32 

.32 

:J2 

32 

10 

10 


0-1 

04 

.32 

Crl 

32 

32 

V. V. 

04 

Ol 

04 

32 

8 

.32 

w. 

10 

10 

10 

10 

8 

32 

B. 

10 

32 

10 

10 

8 

04 

D. 

.32 

10 

.32 

10 

:i2 

128 

H. 

S 

8 

.32 

,32 

32 

12S 

T. 

32 

.32 

12.S 

12S 

32 

128 

F. 

10 

10 

10 

10 

S 

32 

Controls; 







Ferret-PR S* 


.'.12 


12S 


S 

Fcrrct-Lcc* 


S 


32 


250 

Normal ferret* 


0 


04 


0 


a. Acuto pha-'C aonim; c. convalcM-ciit mtuib. 

• Scrum-A funiWipd by Dr. Thomas FranciA. ,Vnn .\rl»,r. 
Po-itivp test.A arc tlio^o with -l-foUi nr frrpafcr ri^c of fitnr. 
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infectious mononucleosis. Altogether 7 
patients exhibited significant rises in cir- 
culating antibodies against influenza B 
virus. Inasmuch as none of these serums 
had been obtained from patients who 
were vaccinated against influenza A and B, 
the etiology of the outbreak of influenza- 
like symptoms, in the majority of the 
patients, appeared to be influenza B virus. 
Influenza virus was not isolated in the 
4 instances attempted. 

Of the 23 patients who had chest roent- 
genograms, 6 were negative, but 17 showed 
increased bronchovascular markings. One 
also showed minimal evidence of infiltra- 
tion in the left upper lobe. All of these 
were negative when repeated either before 
dischai’ge from the hospital, or 3 weeks 
later. 

Results of Prophylactic Treatment 
With Sulfadiazine. Twenty patients 
were treated symptomatically. As a 
group thej'- e.\'hibited fei'er for an average 
period of 1.5 days, and were hospitalized 
for an average of 4.1 days. One of the 
20 had meningismus, and another sinusitis. 
The latter also had questionable signs of 
early bronchopneumonia, and ivas given 
400,000 units of penicillin over a 3 day 
period. 

In accordance with the plan to treat 
alternate cases prophylactically with sul- 
fadiazine, in order to determine its value 
in diminishing the incidence and severity 
of complications of influenza, those pa- 
tients selected were given on admission 
4 gm. of the drug by mouth. This was fol- 
lowed by 1 gm. every 4 hours until the 
temperature had been normal for at least 
2 or 3 days. In addition, when a compli- 
cation appeared, some of the previously 
untreated controls were then started on 
the same dose of sulfadiazine, e.xcept for 
the 1 individual treated with penicillin as 
mentioned abo\-e. Altogether, 26 patients 
received from 10 to 36 gm. of the drug. 
Of these, 22 were treated prophylactically. 
2 because of otitis media, and 1 each 
because of bronchitis or laryngitis. This 
grouf) of jiatients manifested fever for 
2.2 days, and was hospitalizc<l for an 


average of 6.6 days. The longer hospital 
stay was due, in part, to the policy of 
continuing sulfadiazine therapy until 2 or 
3 days of normal temperature had been 
observed. Six patients developed micro- 
scopic hematuria which necessitated dis- 
continuance of the drug; 2 had traces of 
albuminuria. The renal complications 
could be attributed in every instance to 
unanticipated confinement of the patient 
in a hot room of low humidity. The 
effect of the sulfonamide therapy on the 
white blood cell count, already depressed 
by influenza, was not remarkable. 

Thirty-one patients from the River 
Campus were interviewed 4 or 5 weeks 
after discharge in order to evaluate further 
the effectii’^eness of sulfadiazine prophyl- 
axis. Almost all of these young men had 
traveled widely during the Christmas holi- 
day, many on crowded trains. Of the 31, 
none had developed pneumonia; 16 denied 
any residual symptoms or complications; 
they felt well after discharge from the 
hospital. Seven of those treated with sul- 
fadiazine had temporary asthenia, as 
against 2 of the control gi’oup. Persistent 
coughing was noted by 4 in the untreated 
group, and by only 2 of those who were 
treated with sulfadiazine. 

There was 1 other patient, however, 
from the hospital personnel, who had 
proph^dactic sulfadiazine for 3 days and 
was discharged after 10 days. He had to 
be re-admitted a day later because of 
acute, purulent otitis media. pyo- 

genes was cultured from the ear. He had 
a white blood cell count of 1900. 

Discussion. Since significant rises in 
antibody titer against influenza B virus 
were demonstrated in 7 patients selected 
at random, we feel that influenza B \’irus 
was responsible for the epidemic studied. 
The syndromes of influenza A and influ- 
enza B hai’e been described as indistin- 
guishable in groups as well as in indiidd- 
uals.® Some emphasize the more common 
occurrence of sweating, giddiness, nausea, 
vomiting and substernal chest pain in 
influenza B infection.'- We do not feel 
that our data permits this distinction, ex- 
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cept, perhaps, with respect to substemal spread pre-seeding of the causative agent 
pain which occurred in 12 of our patients, to account for the rapidity of . appearance 
The occasional similarity as witnessed in of new cases of both swine influenza anti 
the present studj', of the symptom-corn- human influenza in the course of epidemics, 
pieces of those Imown to have either influ- The same author has also suggested the 
enza B, infectious mononucleosis, or pri- possible role of meteorologic factors in 
maiy atj^^iical pneumonia is striking. In- evoking outbreaks of the disease.” In 
as-much as neither influenza virus nor Chart 1 we have plotted the frequency of 
immunologic eiddence of infection due to occurrence of our cases, dated at the onset 
it has been found in a substantial number of sjTnptoms, against the daily variations 
of individuals in some pre\'iously reported in temperature in Rochester, N. Y., for 
epidemics of influenza, consideration of December 1945. It may be of interest to 
other etiologic agents is warranted. In note that the cases appeared during rather 
the present investigation, limited largely wide fluctuations in temperature over a 
to j'oung adults, influenza B was largely short period of time, 
a self-limiting respiratory illness with few Summary and Conclusions. During a 
bacterial complications, the most frequent 9 day period in December 1945, 46 patients 
being otitis media. On the basis of the (chieflj' young men from a college campus) 
data presented, no benefit can be accorded were admitted to the hospital with an 
the use of sulfadiazine in preventing bac- acute respiratory illness; 2 were thought 
terial complications in patients with infiu- to have reactions to influenza A and B 
enza B infection. The data are, of course, vaccination; 2, infectious mononucleosis; 
insufiicient to permit a final opinion. 1, atj-pical pneumonia, and the remaining 

Shope has suggested a concept of wide- 41 to have influenza B. In 7 of the 41 

selected at random, the Hirst test was 
positive for influenza B. Increased bron- 
chovascular markings in chest Roentgen 
rays were seen in many. Seven developed 
minor complications, the commonest being 
otitis media. None had significant se- 
quelae. Twenty-six were treated with 
sulfadiazine prophylactically, or for com- 
plications. .•\Ithough the total numlier of 
cases was too small to permit a final 
opinion, the incidence of complication', 
and the subsequent convalescence did not 
appear to be favorably influenced by sul- 
fadiazine prophylaxis as compared with 
c.xpericnce in an untreated control group. 
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Fig. 1. — Conijjan'on of onset of sjinptoms, with 
fluctuations in temperature in Rochester. Tiic 
blocked areas reprc=cnt lauRo of temperature in 
” F. in the Rochester area; the heavy line, tlio 
variations in numbers of patients who had onset 
of symptoms on tIio=e days. 
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Because of the world-wide^distribution 
of the macrocytic anemias, physicians 
everywhere have contemplated the best 
method for their detection and therapy. 
In his e.xcellent book, which was published 
in 1855, Thomas AddisoiJ of London de- 
scribed the clinical picture of one of the 
macrocytic anemias which he called per- 
nicious anemia. Biermer, in 1872, in a 
lecture given before the Medical Society of 
Zurich, described this anemia in greater 
detail and called it “progressive” perni- 
cious anemia. He pointed out that this 
condition in some way involved the di- 
gestive system. 

The idea of taking mammalian liver 
internally goes back to antiquity in the 
mythology of many races. In 1926 Minot 
and Murphy- initiated the era of its 
modern usefulness in man when they 
showed that the oral administration of 
large doses of whole liver effected a remis- 
sion of Addisonian pernicious anemia in 
relapse. Liver was soon tested in various 
types of macrocytic anemia and was found 
to be an effective hematopoietic substance 
in the treatment of the macrocytic anemia 
of pregnancy, of tropical sprue, of non- 
tropical sprue, of nutritional deficiency, 
and of pernicious anemia. 

It soon became apparent, however, that 
a potent e.\tract from liver would be less 
difficult to administer than whole liver. 

number of crude liver e.xtracts were 
prepared, and within 2 years Cohn had 
developed his Fraction G.® This Frac- 

^ * These studies wore supported by grants from 
Edward Mason AVilliatns Memorial Fund. 


tion G became widely used in treating 
macrocytic anemias due to the absence or 
deficiency of erythrocyte maturation fac- 
tor (EMIF). EMF Avas considered to be 
the end-product of a reaction between 
the extrinsic factor, Avhich Avas found in 
food, and the intrinsic factor, which was 
found in the secretions of the gastric 
mucosa. On the basis of this concept, 
Avhich Avas fostered by Castle, it was pos- 
sible to classify further the macrocytic 
anemias on the basis of intrinsic factor or 
extrinsic factor deficiency. Thus, Castle 
considers that the macrocytic anemia of 
pernicious anemia is characterized by a 
deficiency of intrinsic factor, while the 
macrocytic anemias of pregnancy, nutri- 
tional deficiency, and sprue are charac- 
terized by a deficiency of extrinsic factor. 
The intrinsic and extrinsic factor studies 
AAull not be discussed in this paper. With 
this concept in mind, many investigators 
directed their efforts toward the intrinsic 
factor, the extrinsic factor, or the EMF. 
Many fractions obtained from liver Avere 
hematologically acth’^e, but the great 
majority of them had no hematopoietic 
actiAuty AA'hatever. Many other substances 
such as breAvers’ yeast, hog stomach, kid- 
ney and brain Avere tried with success. 
SeA-eral of these substances had been 
knoAvn for many years to have hemato- 
poietic properties, but none of them came 
up to the hematopoietic standards of con- 
centrated liver extract. Because of the 
efficacy of concentrated liA-er extract in 

Eli Lilly & Co., Loderle Laboratories, Inc., and the 
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inducing remissions in the EIMF deficiency 
anemias, it became the standard of those 
students who were constantly' assaying 
new substances and new liver fractions. 
It soon was apparent that the various 
preparations themselves varied consider- 
ably, depending on the source of extrac- 
tion, the method involved, and many 
other uncontrollable factors. It became 
obvious to some that liver might contain 
many substances that might be hemato- 
poietically active. This concept was 
strengthened by the observations that 
some substance or substances were de- 
stroyed in the concentration of crude 
liver extract as determined by the hemato- 
poietic response eSected by both crude 
and concentrated liver extract. 

Jacobson and SubbaRow^ consider that 
there is no single intrinsic or extrinsic fac- 
tor but that there are many factors that 
are necessary to produce a full, ma-ximal 
hematologic response when the substances 
in question are given in minimal doses. 
In the fall of 1945, the authors and many 
other investigators were working on the 
problem. Realizing that liver e.xtract 
was a mixture of many chemical sub- 
stances, we knew that we were facing a 
difiicult and tedious task. Throughout 
the years we had been studying fractions 
of reticulogen prepared by Dr. J. K. Cline, 
and we had tested the hemapoietic proper- 
ties of many nutrients and synthetic sub- 
stances. Some of these had slight actixdty, 
but most of them had none. We were 
also working with concentrates; 1 of these 
was folic acid concentrate which was 
furnished to us by Dr. E. A. Sharp. We 
had long knovm that a number of concen- 
trated liver extracts which were of high 
potency in treating pernicious anemia con- 
tained only infinitesimal amounts of folic 
acid. Nevertheless, our working hypoth- 
esis was that a number of chemical mole- 
cules could probably effect hemopoiesis 
and that folic acid might well he one of 
these even if it were not the active one 
in concentrated liver extract. When folic 
acid became a\ailahlc in .'.ufiicient quan- 
tities for clinical testing, its effect on 
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patients with macrocytic anemia was so 
dramatic that its efficacy was very quiclJj 
demonstrated.^ Thus, for the first time 
it was possible to administer a pure syn- 
thetic compound to persons with the 
macrocytic anemia of pernicious anemia, 
of nutritional deficiency, of pregnancy, or 
tropical sprue, and of non-tropical spnie 
and to effect a hematologic remission. 
This discovery was of great importance 
for many reasons. Probably the most 
important is that its discovery' has at long 
last placed investigations in the field of 
the macrocytic anemias in the realm of 
pure compound therapy. With the advent 
of pure compound therapy a step closer 
has been taken Coward /earning the ctiab 
ogy and pathogenesis of the disease. 

The initial observations were difficult 
to evaluate in terms of past therapeutic 
performance because even though a pure 
sy'nthetic compound was available it was 
necessary' to assay it against and compare 
it to concentrated liver extract aiioul 
which little is known in respect to tiie 
number and nature of the factors it con- 
tains. However, it has i)cen conclusively 
established that folic acid is an effective 
hematopoietic substance in the treatment 
of all of the EMI^ deficiency anemias.'’ 

To date, there have been no negative re- 
ports concerning its use in these anemias. 
Tlie hematologic response to folic acid is 
much the same as it is to liver extract. 
It has no effect on aplastic anemias, hypo- 
chromic anemia, primary' thromiiocyto- 
penia, idiopathic leukopenia and leuke- 
mia.’” ” Folic acid is also ineffective 
where lU-er extract is ineffective. 

Once tlie efficiency of folic acid in the 
treatment of macrocytic anemia was es- 
tablished, a search was continiicd for 
other pure synthetic compounds of known 
.structure. By March 194(5,’” the hemato- 
poietic properties of .5-incthyl uracil ftliy- 
inine) were reported. Tin’s substance i- one 
of the -1 nucleotides occurring in thymo- 
nucleic acid and is a basic cell con- 
stituent, We have since shown that syn- 
thetic •"j-methyl uracil in rlaily ora! do-i- 
of 1.') gin. i- efffctive in c.iii^^iru; a renii'- 



FROMiVIEYEK, SPIES: '1' 


I'REATMENT OF MACROCYTIC ANIiMIAS IN RELAPSE 137 


■sion in the macrocytic anemia of tropical 
sprue/® pernicious anemia*'* and nutri- 
tional macrocjdic anemia.*® Because of 
significant dift'erences in the hematologic 
response of such patients to synthetic 
5-methyl uracil and synthetic folic acid, it 
is considered important to report these 
dift'erences. Since there are also certain 
minor dift'erences in the response of pa- 
tients with macrocytic anemia to synthetic 
folic acid and concentrated liver extract, 
it is also considered proper to report those 
differences. The neurologic aspects will 
not be discussed in this paper. It is fully 
realized that there are many hemato- 
poietic compounds, but it has been our 
aim to assay pure compounds against pure 
compounds; and we believe that concen- 
trated liver extract when compared with 
these other anti-anemic preparations prob- 
ably contains the least number of different 
substances. From a controlled scientific 
point of view it is not desirable to com- 
pare a pure compound such as folic acid 
or 5-methyl uracil with an impure com- 
pound such as liver extract. The com- 
parison is made because liver extract is 
the most widely used, the best known, and 
primarily because it is the most effective 
anti-anemic therapeutic agent we have at 
our disposal to date. 

We are reporting on a total of 100 pa- 
tients treated with concentrated liver 
extract, 24 patients treated with synthetic 
folic acid, and 14 patients treated with 
synthetic 5-methyl uracil. These patients 
had either true addisonian pernieious 
anemia, nutritional macrocytic anemia, or 
the macrocytic anemia of tropical sprue. 
Representative cases were chosen for sake 
of simplicity and detail. This report is 
concerned with a comparison of the 
hematopoietic and clinical effect of each 
of these 3 substances in 1 ca.se of addison- 
ian pernicious anemia in relapse and in 
1 case of nutritional macrocytic anemia in 
relapse, and with the effect of synthetic 
folic acid in 1 ease of sjnaie and of .syu- 
thctic 5-inethyl uracil in I case of sprue. 

Sin.KcTioN OF P.vriKNTs. All the pa- 
tients selected for study met the following 


basic criteria: (1) A mean corpuscular 
volume of 100 cn or more. (2) A mean 
corpuscular hemoglobin of 32 nng. or 
more. (3) A mean corpuscular hemoglo- 
bin concentration of 34% or more. (4) 
A color index of 1 or greater. (5) A red 
blood count of 2,5 million or less. (6) 
Megaloblastic arrest of the sternal bone 
marrow. (7) The patient must be un- 
treated or he must not have been treated 
recently enough to interfere in anj' 
way with the evaluation of anti-anemic 
therapy. 

In the selection of pei’sons with perni- 
cious anemia, an additional criterion was 
a histamine refractor;\' achlorhydria and 
achylia which had remained unchanged 
over a period of 1 to 4 years during whicli 
time gastric analyses were done every 6 
to 12 months. The selection of patients 
with nutritional macrocytic anemia was 
made by the use of the basic criteria, but 
in addition each patient selected must 
have free hydrochloric acid, rennin and 
pepsinogen in the gastric secretions after 
histamine stimulation as well as evidence 
of concomitant nutritive failure. 

The selection of persons wth tropical 
sprue was determined by the following 
criteria in addition to the basic criteria 
mentioned above: (1) There must be 
free hydrochloric acid and enzymes in the 
gastric secretions after histamine stimula- 
tion. (2) The single dose oral glucose 
tolerance curve must be flat. (3) The 
patient must have glossitis and diarrhea 
characterized b,>" stools which show an 
increase in total fat and a preponderance 
of fatty acids as determined by chemical 
analysis. (4) There must be a weight loss 
of at least 30 pounds in the 6 months prior 
to study. 

The 4 patients thus selected were hospi- 
talized on each occasion prior to the insti- 
tution of therapy. Careful medical and 
diet;ir\' histories as well as complete 
physical and neurologic c.xaminations were 
done prior to treatment. During hospital- 
ization the diet was rigidly controlled and 
contained no meat, meat products, fish or 
fowl and allowed only 1 egg and pint of 
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milk a day. The egg, as well as the vege- 
tables, were cooked at high temperatures 
for a long period of time in an effort to 
destroy any extrinsic factor that might 
occur in these foods. Those patients who 
had tropical sprue were denied milk and 
eggs entirely in addition to the above 
dietary restrictions. Baseline clinical, 
hematologic and laboratory studies w'ere 
performed as described elsewhere.®'® To 
our knowledge none of these patients had 
ever had a spontaneous remission. The 
baseline periods varied because treatment 
was always withheld until it appeared that 
the patient was actually getting worse 
both clinically and hematologically. 

l^Tien such a point was reached, therapy 
was instituted. The dosage of liver ex- 
tract, folic acid and 5-methyl uracil was 
varied in almost each patient because at 
the time we were endeavoring to deter- 
mine minimal and maximal doses. We 
have since learned that 0.5 cc. of concen- 
trated liver extract (reticulogen),* 10 to 
20 mg. of synthetic folic acid (Pohite),! 
and 15 gm. of sjmthetic 5-methyl uracil 
(thymine)^ are practical for the average 
case. These amounts are in the average 
case about the minimal doses which will 
give a reticulocyte response that is not 
influenced bj’ an increase, no matter how 
great, in the substance employed. It has 
also been determined that folic acid is 
effecti'i'e when given parenteraJly or or- 
ally,® and for that reason the parenteral 
route was abandoned in these studies. 

The concentrated liver extract used in 
these studies was kept at a temperature 
below .55° C. Immediately prior to ad- 
ministration, the required dose was re- 
moved from the chilled xdal and the medi- 
cation was injected into. the right or left 
gluteal muscles. The site of injection was 
alternately changed each day. Synthetic 
folic acid and sratlietic .5-methyl uracil 
were weighed on an analytical balance im- 
mediately prior to administration. These 
drugs were partially dissolved and .sus- 


pended in ^ to I glass of water and admin' 
istered orally. 

Case Reports. Case 1. J. B. (addisoniar, 
pernicious anemia). This 46 year old white 
married male was first seen by us on Itlay 29, 
1944, and was hospitalized on that date. 
At that time he had many complaints, the 
most prominent of which were dizziness, 
weakness, shortness of breath, cardiac palpi- 
tation, pedal edema, redness and soreness of 
the tongue, and tingling and numbness of 
the hands and feet. Physical e.xnmination 
done at that time revealed severe general- 
ized pallor, a divergent strabismus of con- 
genital origin, scars and fissuring of both 
angles of the mouth which were interprete<l 
as evidence of old cheilosis, severe pyorrhea, 
severe redness of the tongue and complete 
atrophy' of the lingual papillffi,"**^ pitting 
edema of the legs and feet, hypesfhesin to 
light touch and pin prick of a stocking type 
over the left foot, and diminished vibratory 
sense over the ankles and knees. Position 
sense was intact and there was slight calf 
muscle tenderness to pressure. There wa' 
no change in the reflexes, and there were 
no pathologic reflexes found. Laboratory 
studies revealed a histamine rofractoryachlor- 
hy’dria and achylia and a negative blood 
Klein as well as negative urinalyses, stool 
analyses, chest plate, and gastro-intestinni 
Roentgen ray scries. An icterus index was 
slightly elevated. Hematologic studies shov- 
ed an erythrocyte count of 1.25 million, 
hemoglobin of 5.1 gm. (3351), a reticulocyte 
count of l.S5f. a leukocyte count of 3250, 
PCY of IG, MCV of 128, IMCH of 40.S, and 
MCHC of 31 .8. Sternal bone marrow .showed 
arrest at the megaloblastic level. Tabic I 
shows the packed cell volume and blood 
indices determined on each occasion prior 
to the initiation of specific therapy. 

The patient wa.s treated with some succcf- 
w’fh 2 liver fracf ion.s obtained from rctinilo- 
gen in this laboratory. He was (H.^cbarpel 
on .Tune 28, 1944, in a somewhat improved 
condition. 

He was followed in our clinic for almo'^t 
6 months and received no liver or other 
.Kiibstance.s containing the so-called ants- 
aneinir prinriplc. By December 6, he had 
a recurrenre of the symptoms cnumer.afe'' 


* Supplied by Eli Lilly & Oj. 

t Supplied by Lederle Laboratoru-. In'- 

* l>y Hofirmnn-T^a RoHio. !ri'. 
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above and was hospitalized. Pli3^sical ex- 
amination was essentially as recorded on 
his first hospitalization. The erythrocyte 
count was 1.69 million, hemoglobin 5.4 gm., 
and the leukoc3"te count 4950. The reticulo- 
cytes were 0.2%, and sternal bone marrow 
was characteristic of megaloblastic arrest. 
Gastric analysis performed after histamine 
stimulation showed achlorh3’'dria and achylia. 
By December 9, the erythrocyte count w^as 
1.39 million, the hemoglobin was 4.4 gm., 
the reticulocytes were 0.2%, and therap3’’ 
was instituted. The patient received 1 cc. 
of reticulogen I.M. ever3’’ day for a period 
of 6 days. As seen in Figure 1, a peak 
reticulocytosis of 37.3% was reached on the 
6th day after therap3'’ was initiated. Simul- 
taneously with this reticulocytosis there was 
a striking upsurge in well-being and im- 
provement in appetite. On Feb. 3, 1945, 
57 days after therapy was initiated, the red 
blood cell count was 5.08 mfilion and the 
hemoglobin 13.1 gm. It should be noted 
that this patient received a total of only 
6 cc. of a potent liver extract and thereafter 
received no anti-anemic therapy. Concomi- 
tant wth the remission in this patient’s 
blood picture there was complete clinical 
improvement. The redness of his tongue 
disappeared and it became pale and repapil- 
lated. Table 2 shows in summar3" form the 
hematologic response to this treatment as 
well as to the other forms of treatment 
employed. 

^^^len he was discharged from the hospital, 
he felt and appeared strong and well. He 
was followed in our clinic for almost 9 months 
without receiving any specific anti-anemic 
therapy. Gradually he relapsed hemato- 
logicall3'' and clinical^ and was readmitted 
to the hospital on Sept. 22, 1945, with symp- 
toms of severe glossitis, stomatitis, profound 
weakness, d3'spnea, vertigo, tinnitus, ano- 
rexia and moderate to severe paresthesias of 
the hands and feet. Physical examination 
revealed essential^' the same findings as 
were noted on the first admission in Ma3' 
of 1044. Laborator3' studies showed a hista- 
mine refractor3’’ achlorh3'dria and ach3’'lia, 
an essential^’' normal gastro-intestinal tract 
as determined b3’ Roentgen ray examination, 
and normal urinalyses and stool anah’ses. 
The crythroc3'te count was 1.96 million, the 
hemoglobin 7.9 gm. (51%), the leukocyte 
count 4800, and reticuloc3'tes 0.4%. Blood 
indices wore compatible with a morphologic 
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diagnosis of macrocytic hyperchromic ane- 
mia in relapse. Sternal bone marrow stud- 
ies showed arrest of the marrow cells at the 
megaloblastic level. On Sept. 23, 1945, the 
red blood cell count was 1.64 million, the 
hemoglobin 7.1 gm., and therapy was insti- 
tuted. The patient received 50 mg. of syn- 
thetic folic acid by mouth twice daily for a 
period of 20 days as shovm in Figure 1. On 
the 5th da3’’ of this therapy a peak reticulo- 
cytosis of 19.2% was attained. Hemopoiesis 
was rapid and the patient was discharged 
on October 12, with a red blood cell count 
of 4.07 million, a hemoglobin of 9.8 gm. 
(64%), a leukoc3’'te count of 9850, and a 
reticulocyte count of 1%. Clinically the 
patient responded equally as well as he did 
hematologically. At the end of a 65 day 
period his erythroc3de count had reached a 
level of 4.97 million, and his hemoglobin 
was 12.5 gm. Again it should be realized 
that this patient was under treatment for a 
period of only 20 da3’'s after w^hich he re- 
ceived no specific anti-anemic therapy. 

He was again followed in clinic and re- 
ceived no specific therapy for 3 months, and 
by the end of this time he had relapsed once 
more and had many of the symptoms he 
had at the time of each previous relapse. 
He was admitted to the hospital on March 
14, 1946, Physical examination showed es- 
sentially the same abnormalities as were 
present on the 3 previous hospitalizations 
except that on this occasion there was hyper- 
esthesia to pin prick of a glove t3T)e over 
both hands and vTists. Laborator3’^ data 
revealed a histamine refractory achlor- 
Itydria and ach3'-lia, an icterus index of 
13.4 units (normal 8 to 10 units), an essen- 
tialB' normal gastro-intestinal series, normal 
chest Roentgen ra3’-, normal oral glucose 
tolerance test, and essentia% normal urin- 
alyses and stool analyses. Sternal bone 
marrow was again characteristic of megalo- 
blastic arrest, and on the da3’' of admission 
to the hospital the hematologic studies re- 
vealed a red cell count of 1.55 million, a 
hemoglobin of 6.2 gm. (40%), a whits cell 
count of 3050, a reticulocvte count of 0.3 %, 
PCY of 20, MCV of 129* MCH of 40, and 
MCHC of 31. B3' March 17, the baseline 
studies were completed, and therap3' was 
instituted. The patient received 2 gm. of 
S3’nthetic 5-meth3d uracil 3 times a day 
orally for a period of 19 da3's. A peak reticu- 
locytosis of 16% was reached on the 11th day 
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of this treatment; 21 daj’s after therapy had 
been instituted the erj^throcytes had shown 
an increase of 530,000 cells per c-nun. of 
peripheral blood, while the hemoglobin 
showed an increase of 3.1 gm. per 100 cc. 
of peripheral blood. Figure 1 shows well 
that the hematologic response in this man 
to 5-methyl uracil at this dose level was far 
below that obtained with folic acid or con- 
centrated liver extract. It should be recalled, 
however, that the dose emplo3'ed was not 
standard. The clinical response was also 
less dramatic. The patient's tongue remain- 
ed essentially unchanged; and his appetite 
which had originallj' improved, became worse 
during subsequent treatment. Paresthesias 
of his hands remained unchanged. After 
treatment was discontinued, the ei^'throcytes 
failed to continue to maturate and relapse 
was rapid. Figure 1 shows that the maxi- 
mum eo'throcyte count attained was 2.39 
million 21 daj's after therapj- was instituted. 
The slow rate of increase is illustrated in the 
flat t5’pe of curve also shown in this figure. 

Sternal bone marrow obtained on the da5' 
following the peak reticulocytosis was done 
during each course of therapy. The mar- 
row was normoblastic and in a reactive state 
at this stage of treatment. It was impos- 
sible to differentiate these marrow prepara- 
tions on the basis of the therapeutic sub- 
stances empIo3’ed. To all intents and pur- 
poses the bone marrow response was essen- 
tialb' identical to each form of therap3'. 

Case 2. E. S. (nutritional macroc3’tic 
anemia). This 75 year old white married 
m.ale was seen by us for the first time on 
June 2S, 1943, the date of hospitalization, 
with complaints of weakness, anorexia, car- 
diac palpitation, d3-spnea, vertigo, soreness 
and redness of the mouth and the tongue, 
severe paresthesias and numbness of the 
hiinds and feet, burning of the solas of the 
feet, and soreness of the calf and thigh 
muscles bilater.alh’. lie had a chronic 
intermittent diarrhea con.sisling of 3 to 0 
looseb' formed, brown-colored stools a dax* 
which were never characterizcfl or described 
as being frothy, foamy, voluminous or foul- 
smelling. All of these s3-mptorn= wore ap- 
proximately of 1 year's duration during 
which time he had lost 15 to 20 pounds of 
weight. A diet history revealed a deficient 
intake of thiamine (B,) and niacin. He had 
eaten no meat for the preeedine S year? and 
iiad oaten only .-mall .amounts of rooked liver 


occasionally during this period of time. 
Ph3'sical examinations revealed a severely 
pale man whose skin had a slightly yellow- 
tinge. There were 2 large purpuric lesions 
over the left forearm and hand. His tongue 
was pale and edematous m'th many fissures 
over the dorsum, and there was evidence of 
old cheilosis bilaterally'. Peripheral arterio- 
sclerosis was present to a moderate degree. 
The neurologic examination revealed hyper- 
esthesia to pin prick in the re.gions around 
both elbows. A stocking type hypesthesia 
to light touch was present over the lower 
extremities, and there was a reduction in 
xdbratory sense of 30% in the arms and SO 
to 90% in the legs bilaterally'. Calf muscle 
and nerve trunk tenderness was exquisite. 
Position sense was intact. There were no 
pathologic reflexes present. The knee jerk.' 
and ankle jerks were hy'peractive bilaterally; 
otherwise the reflexes were phy'siologic. 
Laboratory' data revealed a negativ'c blood 
IHein, an essentially' normal gastro-intestin.al 
Roentgen ray' series and chest Roentgen ray, 
and normal urinah'ses and stool analy.«e.«. 
A gastric analysis showed hypochlorhydria 
and the presence of rennin and pepsinogen 
after histamine stimulation. The icterus 
index was 16 units. The sternal bone mar- 
row revealed arrest at tiie megaloblastic 
level. Hematologic studies showed an 
ery'throc.vte count of 070,000, a hemoglobin 
of 2.9 gm. (1S%), and a leukocyte count 
of 1750. The patient remained in the hospi- 
tal until March 11, 1944, during which time 
many' substances were assayed for hemato- 
logic activity. The hematologic respon.'a- 
obtained with these substances are not 
within tl)c scope of this report and con.=e- 
quentl.v are deleted from Figure 2. Suffice 
it to say that the patient was dhchargeil 
with a red blood count of 3.4 million and 
hemoglobin of 11.3 gm. on that date. 

He was followed in clinic under non-specific 
therapy and gradually' rela[)'cd. He ws'- 
readmitted to the ho.-pitai on Oct. 1, 1914. 
with the symptoms and siini.- as were de- 
scribed on his first admis=ion. A diet histojy 
revealed an inadequate intake of thiamin'- 
(Bi) and niacin and a borderline adequacy 
of protein and vitamins A, B;(G) and C. 
I..aboratory' studies showed a sliuhtly' 
vated icterus index and the prc-sence of fn^' 
hydrochloric acid and cnzy'in'-s in the ga-tri'- 
secretion.s af ter histamine stimulation, 
studic-s on Octolwr 1 reve.alwi a red ll's-yi 
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count of 1.12 million, a hemoglobin of 
4,2 gm. (27%), a white blood count of. 3250, 
a reticuloci'te count of 2.6%, and a PCV 
of 14. Blood indices were as follows: MCV 
125, MCE 37.5, MCHC 30. The color 
inde.x was 1.2. The packed cell volume and 
blood indices determined prior to therap 5 '’ 
on each occasion are shown in Table 3. 
Sternal bone marrow obtained during base- 
line studies showed arrest at the megalo- 
blastic level. By October 4, the red blood 
cell count was 1.03 million and the hemo- 
globin 4.2 gm., and therapy was instituted. 
The patient received 1 cc. of reticulogen 
I.M. everj'- day for 15 da 3 's. The reticulo- 
C 3 ’^te response was e\4dent on the 3rd da 3 ' 
of therapy, and a peak reticulocytosis of 
21.4% was reached on the 8th day of treat- 
ment as shown in Figure 2 and Table 4. 
When the reticuloc 3 'tes began to increase, 
the patient volunteered that he felt much 
better in man 3 ’- wa 3 ’s. His appetite im- 
proved; he regained his strength; the S 3 Tnp- 
toms referrable to his glossitis and peripheral 
neuritis began to disappear. On Novem- 
ber 30, 58 da 3 's after therapy was instituted, 
the er 3 'throcyt€ count was 5.95 million and 
the hemoglobin was 12.7 gm. The patient 
felt well and strong and had only residual 
numbness of his extremities which was be- 
lieved to be caused b 3 '' arteriosclerosis. 

During 1945 the patient had 2 relapses 
and was treated with both whole blood and 
concentrated liver extract, as well as vith 
several other substances. The treatment of 
these relapses and subsequent responses 
have been deleted from Figure 2 for the sake 
of clarit 3 ' and conciseness. The patient 
received no specific anti-anemic therapy' 
after September 1945, and b 3 ' November 28 
his red cell count liad reached a level of 
4.17 million and the hemoglobin was 11.5 gm. 

Thereafter he relapsed once more and 
was readmitted to the hospital on Feb. 4, 
1946. He had a recurrence of all the S 3 'mp- 
toms described above. A diet history- re- 
vealed a diefar 3 * ver 3 ' low in meat products 
and deficient in protein, iron and niacin, 
and of borderline adcquaci' in thiamine (Bi). 
The ph 3 'sical c-xamination was esscntiall}’ as 
determined on his first admission in 1943. 
Hematologic studies done on the da 3 ' of 
admission showed a red blood count of 
1.79 million, a hemoglobin of 6.9 gm. (44%), 
a white blo^ count of 4.550, and a reticulo- 
cvte count of 0.1%. The packed cell vol- 


ume and the blood indices are shown in 
Table 3. Gastric anal 3 'sis done on tlA 
admission showed a histamine refractor}’ 
achlorhydria and ach 3 'lia. This was re- 
peated after an interval of 2 days, .and 
again a histamine refractor' achlorhydria 
and achylia was obtained. Sternal bone 
marrow aspirated during the baseline stud- 
ies ■was characteristic of megaloblastic arrest. 
An oral glucose tolerance test showed a 
slight lag period in absorption, but other- 
wdse it was essentially' normal. Urinalyses 
and stool analyses were essentially normal, 
and an icterus index obtained prior to 
therapy was 12.4 units. After satisfactory 
baselixie studies were made, therapy was 
instituted. On that date, February' 13, the 
red blood cell count was 1.46 million, the 
hemoglobin 4.3 gm., and the reticulocyte 
count 0.4%. The patient received 5 mg. 
of symthetic folic acid twice daily by 
mouth for a period of 12 days. The rcticulo- 
cy'tes began to rise on the 5th day of this 
treatment, and a peak reticulocytosis of 
60.4% was reached on the Sth day ns i.' 
shown in Table 4. The patient's clinical 
response did not parallel tlie tremendous 
reticulocyte response. He did, however, 
e.xperience the usual increase in well-being 
and increase in appetite along with the 
reticulocytosis. His glossitis improved stead- 
ily but at a sUghtly slow rate. His periph- 
eral neuritis remained essentially unchanged. 
On the 41st day after treatment bad been 
instituted the red blood count was 3.81 mil- 
lion and the hemoglobin was 1 1 .2 gm. (71 %■). 
This was the highest erythrocyte level 
reached after this course of therapy. 

The patient was again follow^ in the 
clinic and received no specific anti-anemic 
therapy. By .June 4, 1946, he had relapsed 
and was admitted to the hospital on that 
day with an erythrocyte count of 2.49 mil- 
lion, a hemoglobin of 7.C gm. (48%), a white 
blood count of 7000, and a reticulocyte count 
of 0.4%. Sternal bone marrow obtainwi 
at that time .riiowed mcgalobla-ctic arrest. 
A gastric analy.ris done after hi^t.amir.'' 
stimulation showed the prc.=cnce of free 
hydrochloric acid as well a.s rennin and 
pepsinogen in the gastric secretion. Tb<' 
oral glucose tolerance tests were acain c- 
sentially normal. The icteru.? indc-x wa- 
14.1 unit®, and the urinaly.^cs and ■‘■tee! 
analy.=es were cs.^entblly nonnal. 

June 17, the red blood cell count w.'s-- 
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million, hemoglobin 5.8 gm. and reticuloc 3 ’’te 
count 1.2%, and therapy was instituted. 
The patient received 7.5 gm. of synthetic 
5-methyl uracil twice daily by mouth for a 
period of 9 days. A peak reticulocytosis of 
.31.2% was reached on the 7th day of 
therapy. The hematopoietic response of 
this patient is shown in Table 4 and in 
Figure 2. There was an improvement of 


appetite which lasted for a short period of 
time as well as an increase in well-being 
following the initiation of therapy. The 
symptoms of his glossitis and peripheral 
neuritis remained essentially unchanged. 
The highest red blood count attained was 
3.13 million on the 21st da}'’ after the initia- 
tion of treatment. The hemoglobin at that 
time was 9.2 gm. Bj'- the 54th daj^ after 






144 FROJOIEyER, spies: TREAT-MEKT, of macrocytic anemias in REUrSE 


therapy had been instituted, the er 3 'thro- 
cj-te count had fallen to 2.22 million and 
the hemoglobin to 7.5 gm. The patient had 
climcall}' and hematologicallj’- relapsed once 
more. 

Case 3. J. C. L. (tropical sprue). This 
63 3 'ear old white male was adi^tted to the 
Cah-xto Garcia Hospital in Havana, Cuba, 
on Nov. 18, 1945, with complaints of weak- 
ness, vertigo and diarrhea. He dated the 
onset of his illness to 7 months prior to 
hospitalization. At that time he noticed 
burning and soreness of the tongue and the 
occurrence of small, tender ulcers in his 
mouth. At about the same time, he began 
to have from 10 to 12 bulk}', frothj', foul- 
smelling, light^colored stools a da 3 ^ Defe- 
cation was accompanied b 3 ' colick 3 ’- pain in 
the abdomen and bj* rectal burning. The 
patient lost his appetite, became weak, had 
shortness of breath, and lost 30 pounds in 
weight during the 7 months he was ill. His 
diet was evaluated as being deficient in 
animal protein, thiamine (Bi) and niacin. 
Ph 3 'sical e.vamination re^-ealed an emaciated, 
pallid male. His tongue was slick and red, 
and he had a fine, generalized, scaly desqua- 
mation of the skin over the entire bod}'. 
Laborator}' studies showed a flat oral glu- 
cose tolerance curve, free hydrocbloric acid 
and enz 3 'mes in the gastric juice after hista- 
mine stimulation, and a normal urinab'.sis. 
The stools had a pH of 5.5 and were “fatt}\’’ 
Blood studies on admission showed a red 
blood cell count of 1.38 million and a hemo- 


globin of 6.4 gm. Baseline studies wre 
completed b 3 ' November 29, and on tb.'it 
date the er^dbrocyte count was 1.5", the 
hemoglobin 7 gm. (45 G;), and the reticule- 
C 5 'te count was 1.1%. The PCV was 21, 
and the blood indices were as follows: HCV 
134, MCH 44.5 and hICHC 30. These 
blood indices as well as those of Case 4 arc 
shown in Table 5. Therap}' was instituted 
on that date, 10 mg. of S3'nthetic folic acid 
being given dail}' b}' mouth for 82 days. 
Figure 3 and Table 6 sbovr the hematologic 
response effected in this patient. A peak 
reticulocy'tosis of 27.2% was reached on the 
8th da}' of therap}'. Sternal bone marrow 
stud}' at this time was normoblastic and in 
a reactive state. Within 10 days after 
treatment had been instituted, his stools 
became normal in color. They' were copious 
and semisolid on some days and small and 
well formed on others. His appetite im- 
proved; his strength returned; he gained 
weight; and there was a striking impro^•e- 
ment in his glossitis. On the 61st day after 
treatment was initiated, hi.s red blood ceil 
count was 3.96 million and his hemoglobin 
was 12.7 gm. B}' this time his stools had 
become almost normal. Eighty-nine days 
after therapy was started, the crythrocy'tc 
count was 4.88 million and the hemoglobin 
13.3 gm. These were the highest levels 
obtained in this patient and represented a 
net increase in erythroc 3 'tes of .3.31 million 
and in hemoglobin of G..3 gm. in n period of 
89 dar's. 



ITr,. 3.— The effect of folie arH on the ni.-ir.-o'r.-tie -iner.-ii-i of tropi-a! 
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Case 4. A. H. (tropical sprue). This 37 
year old white male was admitted to theCa- 
lixto Garcia Hospital in Havana on March 23, 
1946, complaining of diarrhea and anorexia 
of 3 years duration. His illness began with 
severe meteorism followed b}' diarrhea con- 
sisting of 4 to 6 liquid or semiliquid, j'ellow- 
ish^ foul-smelling stools a day. Defecation 
was accompanied b3' a sensation of rectal 
burning. Anorexia became severe; his 
mouth and tongue became sore; he devel- 
oped paresthesias of the hands and legs, 
pain in the epigastrium, and profound weak- 
ness, all of which waxed and waned during 
that period of time. Four months prior to 
admission to the hospital, during a relapse, 
he received liver e.xtract and some unknonm 
medication for a period of I5 months from 
his private ph3’'sician, and sti^ing improve- 
ment followed this therap3\ However, 
2/r months prior to admission he began losing 
weight, and within this period of time he 
lost 25 pounds. He relapsed rapidl3' 1 month 
prior to admission. The dietar3" histor3’’ 
indicated that for man3' years his diet had 
been inadequate in all nutrients. Ph3'sical 
e.\'amination revealed a severe^' emaciated, 
pale man who appeared extremely depressed. 
Scaling of the skin was generalized. Over 
the arms, knees and shoulders there were 
areas of h3’perpigmentation of the skin. 
The tongue was slick and edematous and 
was a brilliant red at the tip and ctlges. 


There were several blotchy red areas o\ir 
the dorsum. The buccal mucous membraro 
also was red, but there were no ulceratiors 
Abdominal e.xamination revealed a trm- 
panitic percussion note but no other abnor- 
malities. Neurologic examination was essen- 
tially negative. Laborator3’ studies revc.alc-d 
a flat oral glucose tolerance curve, tbo 
presence of free b3’drochloric acid and en- 
zymes in the gastric secretion after hist.'!- 
mine stimulation, and a normal urinafvsi'. 
Stool e.xamination showed a pH of 7.5 and 
an increase in total fat with a relative in- 
crease in fatt3'' acids. Blood studies done 
on April S, 1946, revealed a red cell count 
of 2.11 million, hemoglobin of 10 gm. (GSCi), 
a reticuloc3de count of 1.2%, and a Icuko- 
C3'te count of 7700. The packed cell volume 
was 30, MCV 141, MCH 47, MCIIC 33 and 
color index 1.5 as shown in Table 5. ' Stcm.e! 
bone marrow showed t3'pical megaloblastic 
arrest. By April 12 the red blood cell count 
was 1.97 million, the hemoglobin 8.7 gm., 
the reticuloc3'te count 1.2% and thcrap.v 
was started. The patient was given 7.5 gm. 
of 5-meth3'l uracil by mouth twice daih' for 
14 days and then 5 gm. a day for 49 days. 
The initial reticulocyte rise occurred on the 
oth da}' of therapv and reached a peak of 
17% on the Oth ‘day. The hematologic 
response is shown in Figure 4 and Tabic (5. 
Aspirated stcrn.al bone m.arrow obtained on 
the d.ay following the pc.ak reticulocytods 
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was normoblastic and indistinguisliable from 
the sternal bone marrow obtained from 
Case 3 at an analogous time during the 
latter’s reticulocyte response to treatment 
with synthetic folic acid. After 8 days of 
treatment there was a striking increase in 
the patient’s appetite. His tongue became 
normal subjectively, and there was tempo- 
rary objective improvement; but both of 
these subsequently relapsed. His stools 
decreased to 1 a day, were dark brown in 
color, and tended to be normal in consistency 
although they were not well formed. By 
the 63rd day after treatment had been insti- 
tuted, the red cell count was 4.03 million, 
and the hemoglobin was 13.7 gm. (89%). 
Therapy was maintained on this patient 
and a maximum erythrocyte count of 
4.76 million was attained on the 139th day of 
treatment. The hemoglobin on that da}' 
was 12 gm. (78%). These figures are not 
included in Table 6 or in Figure 4. By 
this time the patient felt well and strong 
and had no subjective complaints. 

Discussion. An analysis of Figure 1 
brings out certain points of apparent dif- 
ference in the hematologic responses of a 
patient with the macrocytic anemia of 
pernicious anemia in relapse who received 
concentrated liver extract, synthetic folic 
acid and synthetic 5-meth}'l uracil on 3 
different occasions. At the time of admin- 
istration of each of these substances, this 
patient’s erytliroc5'te count was essentially 
the same. Because of this and because of 
the fact that his general condition at the 
time of each separate course of therapy 
was also essentially the same, it is reason- 
able to expect almost identical reticulo- 
cyte responses to each of these substances 
if they are equally hematologically effec- 
tive. It is clearl}' evident that such 
identical responses were not obtained. 
The reticulocyte peak was highest with 
concentrated liver extract, next highest 
with folic acid, and lowest with 5-methyl 
uracil. Differences in rate of red cell 
rise are also evident. With concentrated 
liver extract as the therapeutic agent, 
there was an increase in erythrocytes of 
3.69 million per c.mm. of peripheral blood 
in a 57 day period of time. This brought 


the red blood count of Case 1 to 5.08 mil- 
lion. When synthetic folic acid was used 
as the therapeutic agent, there was a red 
cell increase of 3.33 million in a similar 
period of time (65 days). Tins rise 
brought the patient’s red cell eount to 
4.97 million. When synthetic 5-methyl 
uracil was employed as the only form of 
anti-anemic therapy, the erythrocyte level 
reached a peak of 2.39 million in 21 days. 
This represented a net increase in red cells 
of 530,000, By the 60th day after therapy 
had been instituted, the patient had al- 
ready relapsed. An analysis of the 3 clinical 
responses attained in Case 1 to each of 
the substances employed in therapy is a 
far more difficult matter. Upsurge in well- 
being is almost indescribable; yet it is a 
very definite and important reaction. 
This upsurge in well-being occurred at 
about the same time in Case 1 when 
either concentrated liver extract or syn- 
thetic folic acid was the therapeutic agent. 
In effect there is little noticeable differ- 
ence in the time of its occurrence or degree 
of its magnitude when either of these 
substances is used. There is a noticeable 
and very definite lag period in the time 
of onset in this sign of improvement when 
15 gm. of synthetic 5-methyl uracil is the 
sole therapeutic agent given daily. Using 
this substance, we have been impressed 
by the fact that this reaction usually oc- 
curs some 3 to 5 days later than it does 
with either folic acid or liver extract. In 
Case 1, however, the manifestations of an 
upsurge of well-being never occurred when 
5-methyl uracil was administered. The 
symptoms referable to glossitis are more 
consistently 'relieved by concentrated liver 
e.xtract and folic acid than by 5-methyl 
uracil in the dose given. It has been ob- 
served that there has been no change in 
the glossitis in several of our patients 
treated with this latter substance. An 
increase in appetite and disappearance of 
weakness occurred with the same rate of 
speed in Case 1 when either liver extract 
or folic acid was administered. Initially 
this patient showed a similar response to 
5-methyl uracil, but soon the response was 
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lost. Tile symptoms referable to par- 
esthesias are much more often relieved 
with concentrated liver e.xtract than uith 
either folic acid or 5-methyl uracil. In 
general it can be said that, with the use of 
either sufficient concentrated liver extract 
or sufficient sjmthetic folic acid, there 
occurred an almost identical clinical re- 
sponse and subsequent improvement in 
Case I but that the height of the reticulo- 
cyte response and the rate of the red cell 
rise was of a slightly lower order following 
the administration of folic acid than it 
was following concentrated lii’er extract 
therapy. Synthetic 5-methyl uracil effect- 
ed a less dramatic clinical and hematologic 
response than did either concentrated liver 
extract or folic acid. 

Figure 2 represents the hematologic re- 
sponse of Case 2 (nutritional macrocytic 
anemia) to these same 3 substances. The 
reticulocyte response to folic acid was tre- 
mendous, but the rate of red cell rise was 
definitely slower than it was with the use 
of concentrated liver extract in dosage 
described. When li\’er was administered 
for 15 days, there was an increiise in 
erythrocytes of 4.92 million over a period 
of 58 days. When folic acid was given, 
the increase in erythrocytes was only 
2.35 million over a 41 day period; and a 
count of 4 million red blood cells was never 
reached. The reticulocyte response and 
the rate of red cell rise following 5-mcthyI 
uracil therapy were both of a lower order 
than those oiuained by the u.<e of either of 
the other 2 substance.s. The clinical re- 
sponses of thi.s patient to the.<e 3 .sub- 
stances in the fioses given were of the 
same ortler and magnitmle as discus.sed 
under Cii-«e 1. 

A compari.son of Figures 3 and 4 .show.s a 
less dramatic hematologic rts-ixuise to .syn- 
thetic .5-mcthyi uracil than to .synthetic 
folic acid in persons with the macrocytic 
anemia of tropical spnie. The delayed 
clinical response following the administra- 
tion of 5-mcthyl imicil b oln-iou.- to tho^c 
who have used !>oth stibstanco. Folic 
acid in some fashion acts ven- much as 
d'X-s liver cxfnict in that there i- .-nine 


indefinable general systemic effect whici 
manifests itself as a generalized increa« 
in strength or w'ell-being or state of mind. 
S^Tithetic 5-methyl uracil does not have 
this function to the same degree at the 
dose level used by us. 

The observed differences in the hemato- 
logic response to concentrated liver e.vtraci 
and synthetic folic acid are almost ac.a- 
demic. The clinical response to folic add 
is good, and it is almost identical with 
that of concentrated liver extract. How- 
ever, for constancy and speed of reaction, 
concentrated liver extract is the more pre- 
dictable of the 2 substances. The rate of 
red cell rise following folic acid therapy 
in these macrocytic anemias is somewhat 
slower than tliat which follows the ad- 
ministration of concentrated liver c.xtract. 
Each substance has its advantage. Folic 
acid is easy to administer, and only small 
amounts by mouth are required for a very 
good response. Concentrafctl liver extract 
sometimes causes a more rapid increase 
in red cells. Synthetic 5-metliyl uracil 
probably' has no place in practical thera- 
peutics. It has the distinct disadvantages 
of being effective only in very large 
amounts and of produring a clinical and 
hematologic response of a lower order than 
those effected by cither concentrated liver 
c.xtract or synthetic folic acid. Scientifi- 
cally, liowe\-cr, 5-metbyl uracil is of great 
importance. The authors are dubious that 
synthetic folic acid or .synthetic 5-mcthyi 
uracil xvill prex'cnt the development of the 
neural disturbances of .Addisonian per- 
nicious anemia. 

These obsen'ation.s supjxirt the current 
idea that liver contJiins multiple anti- 
anemic sub.stance.-. It Is known that there 
is not enough folic acid in concentrated 
lix'cr extract or crude liver extr.act to 
.account for tlie activity of the-e x'nriou' 
preparations. Obvioij=)y there i' no*, 
enough .'>-incthyl urari! prc-'ent. ITfrc 
still remains an nnkno'.^Ti or a group of 
unknown' in liver which efieel henio- 
poies!.'. It i' our opinion, and the opinion 
of other-, that ."-methyl iiraeii may I'' 
emix-erted into folic :trid. jxxdbly in t! '' 
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intestinal tract, and in that manner cause 
maturation of red blood cells. This idea 
is not borne out by the' substitution ex- 
periments of Stokes. How folic acid per- 
forms its function is as moot a question 
as that of how liver extract functions in 
such very small amounts. These are prob- 
lems to be solved by the physiologists, 
biochemists and bacteriologists. 

Summary and Conclusions. Compara- 
tive clinical and hematologic studies on 
the macrocytic anemia of pernicious ane- 
mia, of nutritional deficiency, and of 
tropical sprue, by the use of concentrated 
liver extract, synthetic folic acid, or syn- 
thetic 5-methyl uracil are presented. The 
points of difference in the clinical response, 
the reticulocytosis and rate of red ceil 
rise following the administration of each 
of these 3 substances are discussed. 

The hematologic findings show that 
under the conditions of the study and in 
the dosages used, each of these 3 sub- 
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stances causes a remission. The clinical 
and hematologic response to folic acid 
parallels that which occurs folloudng con- 
centrated liver extract therapy, but the 
rate of regeneration is greater with potent 
liver extract. We especially recommend 
folic acid where there is sensitivity to liver. 
Synthetic 5-methyl uracil is the least effec- 
tive of the 3 substances. The rate of red 
cell rise and the peak attained is definitely 
of a lower order than that obtained with 
either synthetic folic acid or concentrated 
liver extract. While 5-methyl uracil is of 
great scientific interest, it has no practical 
therapeutic value at the dosage level re- 
quired to maintain a normal red blood 
count. From these and other studies it 
seems to the authors that the active prin- 
ciple in liver extract is not folic acid but 
is a very powerful substance which, when 
obtained in pure form, probably will be 
no more efficacious per unit weight than 
is folic acid. 
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CLINICAL SIGNIFICANCE OF HYPERBELIRTIBINEMIA DUE TO 

NICOTINIC ACID 


By L. jMyrfori, iVI.D. 

]M. Stefaotni, M.D. 

P. Braauote, j\LD. 

(From The Institute of Clinical Medicine of the University of Rome, Director: 


ViLiA.® on the basis of extensive clinical 
trial advocates nicotamide in the treat- 
ment of various tjipes of liv'er dysfunction. 
This drug appears to produce a striking 
remission of jaundice, provided the liver 
damage has not reached the irreversible 
stage. 

The effect of nicotinic acid on the bile 
o.vcreting function of the liver is the sub- 
ject of the present investigation. The 
results obtained fully support Villa’s con- 
clusions. 

.As shown by IMattei,'* GO to 90 minutes 
after an intravenous injection of 30 mg. 
of sodium nicotinate, the level of tlie in- 
directly reacting serum bilirubin rises, 
remains high for 2 to 3 hours, and then 
drops slowlv to normal in G to S hours 
(Fig.l). 

This technique is obviously valuable 
for investigating tlie function of the liver 
to excrete bile, since it acts as an endo- 
genous bilirubin tolerance test. Tiic 
eholemic effect of nicotinic acid seems to 
be specific, as several closely related sub- 
stances (nicotamide, niketamide) as well 
iis a number of compounds with similar 
pharmacological action (histamine, acetyl- 
choline and epinephrine) appear to be 
inactive. Injections of histamine or epi- 
nephrine c;iu=e a change in the scrum iuli- 
rubin lc%'el. but the rise is never hiriier 
than that ob-ervcrl during the norma! 
diurnal fluctuation. 

In studying the mcclianism of the action 
of niroiinic acid, we abo ob-crvctl the 
behavior of scnim chloride^, uric acid, 
erythrocytes nn<l reticulocyte^ after the 
injection of this agent, tiince thr-e con- 
stituents vere not «ignific:intly changtvi. 


Prof. Cc'^.'lrc I'ni? 

it appears fairly cerbiin that nicotiric 
acid does not mobilize bile pigments from 
tissue reserve, nor cause an incrense of 
the normal hemolytic process. It h. 
however, possible that nicotinic acii! 
activates normal o.xidativc processes, sinev 
it is known, for instance, that copropor- 
phjTin, whiclt is present in large amounts 
in pellagra blood (Frontali'), is strikingly 
diminished after nicofainicie therapy. Ac- 
cording to Kiihnau," nicotinic acid is im- 
portant in the normal catabolism of blood 
pigments. 

We have so far studied the bilirubin 
response to nicotinic acid in -12 patients 
wit!) hepatic disease. Tlicse paticnt.s were 
also studied with other liver function tests 
following Watson’s profile scheme.'-^ The 
results with the nicotinic acid test clearly 
show that the capacity of t!ie liver to 
excrete bile is measured. When this func- 
tion is deficient, the serum bilirubin level 
is still high after S lionrs, and directly 
reacting bilinjbin is present in the blfx^l- 
In non-jaundiced patients in which lie 
bilimbin level Is elevated, the bilirubin 
curve is normal, showing that the funeti(-n 
to excrete bile is unimpaired even wlifo 
hepatic dy.sfunction of varying degree i- 
indieated l>y other function te^t«. 

higher rcspon.'C to nicotinic acid i- 
observed in jaundiced patients xriietk'r 
caused by infective hepatiti-, ob>tn)eti’iis. 
arsenical pol-onirig, cholangitis, or otli*'? 
factors. Thi«: is probalily flue t<» two f.i'"- 
torr: fl; the mobilization of pigjc.'nt' 
from the ti"Uf-^ intf) the b!fX)<i htrearu, ard 
f2,i tlie diminatiori of thi-^ etee uve bd - 
rubin in the blrxxl d'-jx-rifling on tie- ef.s s- 
eney of the excri-tory function of tfw Ir.rr 
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In cases involving only the first factor, 
a tnarkecl rise of total and directly reacting 
bilirubin is observed, but after 8 hours the 
level is back to normal, due to the effici- 
ency oi' the liver to excrete pigments. 
Several diseases of the liver of which the 
recovery stage of infective hepatitis is 
typical show this type of curve (Fig. 2). 



to rise after the 8th hour (Fig. 4). Condi- 
tions in which this was observed were 
obstruction from new growth and from 
calculi as well as in tlie eai'l}’^ icteric stage 
of infective liepatitis. 

It is worth recording the paradoxical 
effect we observed in a case of jaundice 
due to poisoning from parenteral arsenic. 




Tobcxl Serum bilirubin 
Direcl- reaclmo;^ biUrub'm 


In cases involving a disturbance of the 
biliary e.xcretion function, tlie level of 
both the total and the direct reacting 
bilirubin rises and remains high even after 
8 hours (Fig. 3). If complete blockage of 
the bile excretion exists, the total and the 
direct reacting bilirubin levels continue 


TJie total and direct acting bilirubin re- 
mained unchanged for the first 60 to 90 
minutes, then dropped slowly to much 
lower levels. The rapid e.xcretion of bili- 
rubin, possibly due to the stimulation by 
nicotinic acid, is a satisfactory e.xplanation 
and suggests vrhv nicotinic acid has pro- 



Mi.Mlll’Wfl 1 ) 1 ' in I’J. 1(11(1.11!! lilXf \IU oil. •(() NK O'l (NIC ,\ni) 


pliylm lic mill t!ifni])i iitii- artiv'ny in Iimt 
poiMiiiitij: frnm >,titji ns nr-i-nn- 

'I’wi) Ilf otir iilisiTMiliDiis I'li'iirly ili iinm- 
'.Iruti-il tluil ihi- lll■llllvillr of M-nmi liili- 
niiiiri iifliT nii'iitiiiir m-iil i'l strictly ilc- 
pcllilclil Dll tin- rjijiucity Ilf llic liver Id 
excrete liiliiivy pigments, In nne |i:itient 
snlTeriH).; frinn j-intnlice of .*> innntlis’ 
ilnnition /Inc to clir/niic /•liiil/in/jitis, wIid 
niulerwcnt u cliDlecystDstmny, the intra- 
xeiiDtis injcitiDii of ni/sitinic neiil wns 
fiillDweil hy an incrcaseil excretinii of 
hilirnhin in the liilc. It rD^c frnm 0.4 tn 
l.'.IC) ni^. per lot) ee. with the niaxinuini 
at the thini Inair. In annther patient, 
a case of infectixe hepatitis in the early 
.staple, a curve of the type ;,>iven in I'i^', 4 
was nhscrveil, .\fter ."i days the te.st was 
rcpeateil anil fnnial (hat the ciirv/* for 
hilirnliin afn-r nicDtinic aciil was normal 
which indicateil that the hiliary excretion 
of the liver was cDinpletely restored and 
siiKftt'St.s that this fnnetion is only teinpo- 
rnrily dcpre.sse/l in infi'ctive liepatit’s. 

Summitry, Tlie serum hilirnhin level 
was followed for .S hours after the injection 


of HO m^:. of .sodiinn nicolituilc in scttral 
lyjt/’i of liver iliseasc to dcinonstr.itf 
|■xp|•rinlenIally (he therajieiitic value of 
this af,'cnt. In a normal suhject, nicotinic 
aciil eanses a rise of the indirect reacting 
hilirnhin level for .'f to o liour.s. Such an 
action is not ohserved when other .sub- 
stances similar to nicotinic acid, either in 
siniclnre or plmnnacologicai action, are 
injcctcfl, 'J'Jic test is strictly riependent 
on the liver's eajaicity to excrete bile. 
CholesliToI and hile .salts do not generally 
follow the variations of hilirnhin. The 
rea-on f/ir this is .still uncertain and i' 
heing further investigated. 

In -12 jiatient.s the hilirnhin curve xxas 
f/mn/1 not to Iw fyjiieal for any particular 
tyiie of livi-r disea.se, hut depended on the 
/•apaeity /if tlie liver to e.xcrcte hile pig- 
ments. When this fnnetion wa.s impaired 
the scrum hilirnhin remained liigh and 
direct reacting hilirnhin appeared. 

In a patient with longstanding jaundice 
who nnilerwent a choleeystostorny a direct 
stimulation of the iix’cr’s function to 
e.xcrcte hile was demonstrated. 
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ATYPICAL ANEMIA, WITH SPHEROCYTES AND TARGET CELLS 

COEXISTING IN THE BLOOD 

By George Discombe, M.B., B.S., B.Sc. (Lond.) 

SENIOR DEMONSTRATOR OF PATHODOGT, ST. BARTHOLOMEW'S HOSPITAL 

LONDON, ENGLAND 
AND 

Geoffrey' Watkinson, M.D., M.R.C.P. 

SOMETIME CHIEF ASSISTANT TO A MEDICAL UNIT IN THE HOSPITAL, WORKING IN THE 

EMERGENCY MEDICAL SERVICE , 


Target cells, studied in detail by 
Barrett,^ are very thin cells which in 
stained films have a deeply staining center 
so that they look like a bullseye; because 
of their tliinness, the volume-thickness 
ratio is large, so that they can absorb 
large volumes of fluid from hypotonic solu- 
tions before they rupture, that is, they 
have properties opposite to those of the 
spherocyte, and in particular they show 
decreased fragility. They are most evi- 
dent in sickle cell anemia and in Cooley’s 
erythroblastic anemia of childhood® and 
its adult forin,®'®®'®^ all of which show de- 
creased red cell fragility, lysis being inap- 
preciable at salt concentrations greater 
than 0.35% NaCl. Such cells are, how- 
ever, common in other conditions, notably 
obstructive jaundice and iron deficiency 
anemia of color index beloiv 0 . 6 , and there 
show tlieir resistance to lysis by hypotonic 
solutions quite clearly. 

This case is presented because target 
cells and spherocjdes coexisted in the 
blood, so that lysis of red cells was just 
appreciable in 0.60 % NaCl, 50 % complete 
in 0.335% NaCl, but incomplete in dis- 
tilled water. 

Case Report. A male office worker, aged 
37, had always been in good health until in 
November 1944 he developed a cough and 
noticed that he was becoming pale and weak. 
He was admitted to Hertford County Hospi- 
tal, where no disease was found in his lungs, 
but the liver was found palpable 2 inches 
below the costal margin. The spleen was 
not palpable. His hemoglobin was “55%” 
and “bizarre’’ changes were noted in the 
stained film. He remained in hospital for 
6 weeks, receiving preparations of iron, AUta- 
mins and liver: during this period the hemo- 


globin rose to “71%,” but this appeared 
unrelated to treatment. In Jime 1945 he 
was referred to Dr. Geoffrey Evans at Cell 
Barnes Hospital (E. M. S.) for further 
investigation. 

There was no family history of anemia; 
his sister and his 2 children had normal 
hemoglobin levels and showed no abnormali- 
ties in the stained film. His parents and 
grandparents were not related, and were to 
the best of his knowledge, of English countrj' 
stock (without any admixture of Levantine 
blood). He complained only of weakness and 
lassitude, with shortness of breath on exer- 
tion. He slept poorly. He was a well-built 
man with a sallow, subicteric complexion, 
and had received in childhood a fracture of 
the nose to ivhich he, and ourselves, attrib- 
uted a slightty mongoloid appearance. There 
was moderate pallor of the mucosa, gross 
dental caries and p.yorrhea alveolaris. The 
lungs were clear, the heart normal except 
for a localized apical systolic bruit. The 
liver was palpable inches below the costal 
margin, but the spleen was not clinicaUj' 
enlarged. There was no enlargement of 
tymph nodes, no leg ulcers, and no changes 
in the skull or in the long bones could be 
detected. 

IiTVESTiGATioNS. Radiologic: long bones, 
skull and alimentary tract were normal; 
the spleen was enlarged to about twice its 
normal size; chest normal. 

Chemical: gastric analj'sis was normal; 
stools contained no occult blood; urine con- 
tained excess urobilin. 

Gastroscopy (G. W.) showed onl}' extreme 
pallor of the mucosa; sigmoidoscopy (Dr. 
Evans), no abnormality found. 

Blood and nmrrow (June 26, 2945) : Hemo- 
globin, 52% (7.4 gm. per 100 cc.); eridihro- 
cytes, 3,600,000 per c.mm.; hematocrit, 
27.6%; color inde.x, 0.73; iM.C.Y., 77 Cjx; 
M.C.H.C., 26.S%; M.C.H., 20.6 77 ; halom- 
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•'ter rradiui;, S /r, }Vic(‘-.)<)ttf*'v ctirvf, inodn 
S ( 1 , menu T.l'J .--iniKtftrd (iovintioii, 1,29 p; 
(•(X'fUi'ifiit <,f vnri.'ilinii, IS.ir.';,'; M.r.T.’ 
{.•’{‘i fi; (Imcar <in proJm- 

I'ilify iiajhT). from O.t'.'; Xa(' 1 f().27'; ]%>!<») 

tn O.Ki'; XaC! (!ir,,S'; ly.Mv); n fow V(•ll^ 

int.'ii't ill ilistillcii wntor; M.( 

S'nCI; f.('itif|;tr(l (ir'vintioii, O.OST.V'; XnCI 
(tioriiiul M.r.F., ' ().(V-’SK; ; flnnihird 

deviation, o.rino'j.*) ■> t).(so:ir,i' 



Flo. I. — Peripiieral lilood, X -tOO; Ix'iitiinmi’.-' 
stain. 


Lcukocytc.s, 5300 per e.iiim.; iininature 
myeloid cells, (including a few inyelo' 
blasts); mature neutrophils, 32.5(7); eosino- 
phils, 0.5%; lymphocyte.?, "J3.5%; mono- 
cytes, 5.5%; plasma and Tiirk cells, 1%. 
Xucleated red cells, with small pyknotic 
nuclei and scanty, ragged, orthochroinatic 
cjdoplasin, were jircsent; 05 to 1000 leuko- 
cytes (about 500 per c.mm.). The erythro- 
cytes showed extreme anisoeytosis, with 
some very small but few very large cells, 
poikilocytosis and ani.sochromia; many pes- 
sary cells, target cells and spherocytes were 
present. Keticulocytcs were scanty, never 
more than 1%; Howell-Jolly bodies were 
few and Cabot’s rings were not seen. No 
sickling occurred in scaled preparations ob- 
served over a period of 48 hours. Grouping 


tUr._.Mr)urant): .\I, Rlil, I{ii2; Coomb'- 
tr.st’ -' for nd.‘'Orbfd globulin negative. 

liiliruhin: direct reaction, negative; total, 
0.8 mg. j>cr 100 cc.; Wa‘-crmann and Kab 
tests negative. 

Sinml mnrrim- (Xomenriature Scott-’): 
rc!hilnrit\- increaced; Icuko-orytlirogenctic 
ratio, 0.227; eryfhrojKnesjs normobIa«tic, 
granulopoic-'i.s .shows man\’ giant 

.‘•Inhs.” Count: reticulum cells, 1.4‘7; 
myeloblast, 3.2%; promyelocytes, 2.G(i; 
neutrophils; myelocytes, 7.8%; juveniles, 
3.8%; stabs, 2.0% (of which half were giant 
form.?) ; f egmcnlcd, 2%; eosinophils; myelo- 
cytc.s, 2.4%; othens, 0.0%; basophil myelo- 
cytes, 0.2%; I.vrnphocyte.s, 1%; plasma cells, 
0.8%; monocyte.s, 0,2%; normoblasts: pro- 
normoblast, 0%; basophilic, 11.0%; poly- 
ehromatic, 37.4%; ortliochroinatic, 19.6%; 
imclaK'-ified, 1 '%• Mitoses: granular celb, 
f>.-t',7; erytiirobl.asfs, 2.2%. 

Cytologic abnormalific.s iverc mmorous 
and jirominent, and were studied in Lcisb- 
inan and Feulgcn sinc.ar preparations; among 
the gramiloeyto jirecursors there was nucleic 
acid starvation comparable with that seen 
in pernicious .anemia,'* leading to the pro- 
duction of the tetraploid giant “stabs” once 
thought to be as characteristic for pernicious 
anemia as are the changes in the eryfhro- 
blasts. Among the crj-throblasts the out- 
.standing feature was the breakdown of the 
normal sjnndlc development and its replace- 
ment by abnormal multipolar spindles; of 
100 mitoses, 55 were multipolar, 10 bipolar, 
and 35 iinclassifiable because of clumping 
of tile chromosomes. Many of the multi- 
jjolar figures showed incomplete separation 
at anaphase, with persistent bridging leading 
to the restitution of a single, large (up to 
16 /j) distorted, bi'perploid, resting nucleus; 
frequently micro-nuclei, derived from chrom- 
osomes which had become detached from the 
spindle, were also present, and a few cells 
containing up to 20 micro-nuclei were found. 
These last are presumably the product of a 
coll dixision in which many chromosomes 
became dissociated from the spindle and 
failed to constitute a daughter-nucleus. In 
addition, hypoploid mitoses were present, 
an occasional cell showing as few as a dozen 
chromosomes in a tri-polar mitosis. Cell 
division occurred mainlj’^ in cells correspond- 
ing to the “normoblast B” of Israels,'* well 
differentiated, with much hetcrochromatin, 
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and with polychromatic or orthochromatic 
cytoplasm. 

Pkogress. No definite diagnosis was 
made. The patient received iron (ferrous 
sulphate), parenteral liver extracts of known 
potency (Anahremin, Plexan), and proteo- 
lyzed liver by mouth (Hepamino) and vita- 
min supplements, and his hemoglobin rose 
again to 71 %. Col. A. M. Washburn, M.C., 


week he had become much worse and was 
dyspneic on the slightest exertion. 

Studies now showed : Blood: hemoglobin, 
38% (5.4 gm. per 100 cc.); erythrocytes, 
2,600,000 per c.mm.; hematocrit, 21.5%; 
color index, 0.76; M.C.V., 86 c/t; M.C.H.C., 
26%; leukocytes, 7400 per c.mm.; stained 
film, differential count and bilirubin showed 
little change. 



A.U.S., kindly saw the patient with us, but 
was ecjually puzzled. Splenectonw was con- 
sidered, in ^^ew of the evidence of increased 
hemolysis and of spherocytosis, but was 
postponed, and the patient discharged to 
remain under observation. On September 12 
ho was readmitted; during the prerdous 


He did not improve aftei' a weeks rest, 
and the rise in hemoglobin after a transfu- 
sion of 500 cc. blood was evanescent; he 
developed fever up to 99 and purpuric spots 
appeared on his trunk. It was decided to 
perform splenectomy before his condition 
became critical. The operation was per- 


IHM'ftMIir.. \V\TKI.\s()X; VIYl'KM. AM. MU 


i.v; 


formnd In- Mr. J. I’. Umford tm Octohcr 2, 
.'iftor (rnti'-fu^'inti df 10(K1 cc, [vu-kod red rpll‘<, 
uliieli (iip li('inf)Kl"l)in to 71 K,' ; a 

hlond fdin tnketi (Iiiritic finest lie-ia showeil 
nltoiil I in.nfiire nonnnkln-t to i-very .'0 red 
rf.rpn‘>rle>i. nr nl.nnt 7().(H)() per e.miit. The 
''jileen. eidnreed |o (wire the norinfil M 7 e, 
nnfi n i-pletiiineiilits .'itiniit I.o em. dinmeter, 
Mere removed, Imt S Imiir'. inter, nfter 
reedvery from tlie !uie--thetie, (he pntienl 
eoiinji'-Hl nitli a feehle )>nl--e (rati- 120), .niid 
‘■icn-' of cnllnp-e of the riulit lower lohe; he 
never reeovered ami died -I honr-i Inter. 





Fio. 3. — Giniit ".st.nb” neiitropliils, X SCO; 
ronlKcn lii-lit Rrocn. 


Autop.sy (CI. D.) 12 hours nfter death: 
E.vternnl: riRor mortis and hypostasis pres- 
ent; left-sided Kocher incision. Head and 
brain normal; mouth, paims retracted and 
infected, several carious stumps; tongue, 
thyroid, normal. Chest, pericardium con- 
tains 50 cc. straw-colored fluid; cpicardial 
fat increased, ventricles dilated, myocardium 
fatty and friable, small subendocardial 
hemorrhages in wall of left ventricle; great 
vessels normal. Respiratory organs; diffuse 
tracheobronchitis with submucous hemor- 
rhages, increasing in severity in the smaller 
bronchi; erosion of mucosa at end of endo- 
tracheal tube; patchy collapse of the lungs, 
involving whole right lung and loft lower 
lobe, collapsed regions intensely engorged 
and edematous, .\limcnt.ar 3 ' .sy.stcin normal. 


Operation site; about oO tr. blood a L-n 
clot over .siiturf-s, othonvicc no blood is 
jw-ritonenl cavity. I.iver, .'1 pounds 12ouncfc- 
p.ale. Puprarriwls normal. Kidneys, Ic/i 
7 ounces, right 0 ounces, cortex p.alc, otbs:- 
wi'-f normal. I'cmur, vprtebr.T, rib=, 'kull 
all contain red marrow. 

Hi'croi.ofiv, Trachea: muco=.al nfroplii 
with hyperemia of .suhniuco=.al vessch, .sorTf 
epithelial (le-(itiamation. Lung=; all vej;eb 
engorged; patchy collapse and conipcn-a- 
tory empliysema and edema: the hronebio!^ 
contain a ccilular mononuclear e.xud.ate and 
there is .sloughing of (heir epithelium; in 
some nre.as an acellul.ar exudate appeared 
(n close the alveoli as in "rlicuro.atic pneu- 
monia.” Heart: myocardium .shows .slight 
fatty rhnuge, I.iver; definite incrca'c in 
free iron, confined to the liver cells; bile 
pigment incre.ascd in tlio center of the 
iohnle.s; (be sinusoids arc dilated and con- 
t.'iin litany crytbrohln«ts, .and tlic portal 
Irncts .are infiltrated with erytliroblasts; 
definite myeloid inctaplnsin. Kidney; recent 
cortical necrosis; in the pchde fat there is a 
focus with the structure of bone marrow, 
though no hone is prc.'cnt; the predominat- 
ing cell is an crythrohlasf ; there is no excess 
of free iron. Pancreas and testis, normal. 
Rone marrow: hyperplastic, the predomi- 
nating cell being an immature poh-chro- 
matic nonnoblnst, hut granular cells are 
common. Spleen; there is a considerable 
increase in free iron, both in macrophage.® 
and in the tissue of the pulp, and an increase 
in the fibrous tissue; the pulp is packed with 
blood containing many or>’tbroblasts, and 
there is some myeloid metaplasia, most 
marked in the splenimculus; there is some 
eiw-throphagocytosis, but this is not a promi- 
nent feature. Lj-mjih nodes; the general 
architecture is presen-cd; the sinuses are 
packed with blood containing erythroblasts, 
but there is no true myeloid metaplasia. 
Anatomic diagnosis; pneumonia (x-inis type), 
cortical necrosis of the kidney, hyperplasia 
of bone marrow with myeloid metaplasia in 
liver, spleen and renal peh-ic fat. 

Discussion. The anatomic changes in 
this patient are not specific, but are com- 
mon to many types of anemia in man, 
and to some syndromes in animals; it dif- 
fers from pernicious anemia only in the 
normoblastic type of crythropoiesis and 
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in the focus of erythrogenesis in the renal 
pelvic fat. For this reason, study of the 
peripheral blood and of the cytogenesis 
of the red cell is more likely to prove 
fruitful than is the classic histologic ap- 
proach; it is obvious that details of cell 


structure can be studied more satisfac- 
torily in smears of cells dissociated from 
their surroundings and suitably treated, 
rather than in sections, where the cell 
retains the roughly'spherical shape it had 
when living. 




.— RcikiI pi'lvic fat. X l.SO; Ilarratt’s Miiin. 
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Cyiou 3(!Y. 'riif cliiiiiRcs in tliis patimt 
are not unliko l!)n5P di'.scrilx'd in pcrni- 
ciou? anemia by La Coiir.’' hut diiTcr in 
that cell division is proceeding in a Tinich 
more mature ceil; in pernicious anemia di- 
vision occurs chiefly at the ])roniegnlohhist 
and mcgalohlast " A " stage, ami is compar- 
atively rare in more mature cells; n mueli 
larger proportion of the multipolar mitoses 
of pernicious anemia appear to yield good, 
though hypojiloid, cells. Tlierc can he 
no douht llint this patient suffered from 
some condition rvhicli nais not jiernicious 
anemia, for the rc.sting nuclei differed 
markedly from those of any pernicious 
anemia marrow yet seen, whetlicr in re- 
lapse or in remission: it was nonnohlastie, 
not megaloblastic, using tlic terms in the 
same way as Fcrrata,’- and Israels,’* hut 
the normoblasts were ahnonnal. Several 
cases of hemolytic anemia, congenital and 
accpiired, liavc boon examined critically, 
hut these show only very rare multipolar 
spindlas, or anaphase bridging. Tlic c.s- 
sential lesion appears to be the brc.akdown 
of spindle fonn.ation, yielding hyper- and 
hypoploid cells which undergo dcnuclcn- 
tion to yield red corpuscles tliat vary 
extremely not only in diameter but also 
in tliickncss. 

Tlie presence of mieronuclei in this case 
led one to compare tliem with the Howell- 
Jolly bodies so common in pernicious and 
hemolytic anemia. Both arc Feulgen posi- 
tive, and hence composed largely of 
deoxjTibose nucleic acid; tliey arc sharply 
defined, unlike the nucleic acid shed from 
the nucleus under the influence of irradia- 
tion or of c;ji:otoxic agents, and so pre- 
sumably have some inner structure. In 
material in which Howell-Jolly bodies are 
common in the peripheral blood, the bone 
marrow shows similar bodies in the cyto- 
plasm of nucleated red cells, while tlie 
mitotic figures of these cells show occa- 
sional telophases in which a single chromo- 
some remains between the 2 groups of 
chromosomes, either exactly midway be- 
tween, or else towards the margin of the 
cell, well outside tlie region of tlie spindle. 
One is forced to the conclusion that these 


hodip,s arc not ''nuclear remnants," but 
chromosomes dissociated from the .spindle. 
In most cases this occurs in an almost 
inatiire cell, in which .spiralization of the 
chromosome fiijcr (ciiromonema) is com- 
plete or cxcc-ssiw, so tliat the chromo- 
sfune.'; are almost spherical and homo- 
gcneou.s; in Ic.ss mature cells the chromo- 
nema is more extended and tlic resulting 
l)od\' may appear heterogeneous. 

CuN'iCAi,. Differential Diagnons. Ini- 
tially this patient w.as thought to be 
suffering from familial acholuric jaundice 
which had become clinicailj' er-ident dur- 
ing adult life. Such cases arc not rare, 
and the absence of clinical splenomegaly 
is not significant, for we li.avc seen 3 pa- 
tients with grossly enlarged spleens (1 
with myeloid leukemia) which could not 
he detected at the hcd.sidc; this occurs 
when the spleen is adherent to, or pressed 
up against, the cupola of the diaphragm.' 
The spherocytosis favored this diagnosis, 
though it is not, of course, pathognomonic 
of the condition,' but tlie absence of 
reticulocytosis and the e.xtremely wide 
range of fragility rendered the diagnosis 
untenable. For similar reasons the ordi- 
nary acquired hemolytic anemias could 
be excluded, for erythroblastemia of sig- 
nificant degree occurs only during, or just 
after a hemolytic crisis. Target cells 
were reported as a prominent feature in 
I case,” but this showed reticulocytosis 
and atypical agglutinins in the serum. 

The adult form of Cooley’s Mediter- 
ranean anemia is familial, and occurs al- 
most exclusively in persons of Levantine 
origin, especially in the offspring of cousin 
marriages. In favor of this diagnosis were 
the presence of target cells and erythro- 
blasts, hepato- and splenomegaly; but the 
patient was of pure English origin, his 
parents were not related, and none of the 
.3 siblings was affected; while spherocytes 
do not occur in this. This diagnosis also 
was discarded. 

A'leuko-erythroblastic reaction to mar- 
row deposlts-of carcinoma, ly’-mphadenoma, 
or to tuberculosis of the spleen could at 
once^be discarded, as could the erythro- 



BISCOMBE, WATKINSON: ATYPICAL ANEMIA 


159 


blastemia of chronic malaria, stated*^ to 
be particularly common in Algeria; in this 
infection splenomegaly- is considerable, 
and also our patient had never left 
England. 

The condition bears little resemblance 
to the acute erythremia of Di Guglielmo,® 
but differs comparatively little on the 
clinical side from the 1 case of Israels^'* 
which was less acute. It is not unlike 
the erythroblastosis of fowls,” which can 
manifest itself in all grades of severity. 

One must conclude either that this is a 
new syndrome, and that further cases will 
be recognized, or that it is an “ individual ” 
response to some stimulus, comparable 
with the “acute erythromyelosis” of 
Gamier,^® with 35,000 erythroblasts per 
c.mm., 6 % of which were in mitosis, which 
recovered in a month on treatment with 
liver extract. The only excuse for present- 
ing single cases is that others may profit 


by our observations, define the syndrome 
and develop a satisfactory treatment. 

One final point; usually erythroblast- 
emia is associated with reticulocytosis, 
though the 2 responses do not necessarily 
run parallel. Pittaluga,^® however, insists 
that “regenerative reticulocytosis has 
nothing to do with pathologic erythro- 
blastosis,” a rather surprising conclusion 
with which we are forced to agree. 

Summary. 1. A patient suffering from 
an obscure anemia which failed to respond 
to treatment and terminated fatally after 
splenectomy is described. 

2. This anemia is characterized by: (c) 
gi-eat variation in the resistance of the 
red corpuscles to lysis by hypotonic saline, 
manifested morphologically by the co- 
existence of target cells and spherocytes; 
and (b) breakdown of spindle development 
in partly differentiated erythroblasts. 

3. This appears to be a hitherto unde- 
scribed syndrome. 


Wo wish to thank Dr. Geoffrey Evans for permission to publish this case, and Mr. L. F. La Cour 
of tho John Inncs Horticultural Institute, who has ad-vised us on the interpretation of the cytologic 
abnormalities and taken some of tho photographs. 
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BkcaI’.si: of the wide use of j)l.'tbtna in 
the treatinent of shock, and in certain 
cases of hypoprotcineniia, there lias i)een 
an increased interest in tiie fate or utiliza- 
tion of the [ilasina proteins. KInian" re- 
viewed the literature up to 1913 and 
concluded that nitroRon l)alance can be 
maintained witli plasma ns tlie sole source 
of protein, providing the plasma employed 
causes no serious reactions. There is some 
controversy on this point, however, as 
the results of the nitrogen balance studies 
following intravenous infusion of plasma 
as reported by different laboratories have 
been at variance. It does not seem that 
these differences can be entirely e.xplnincd 
by reactions to tlie injected plasma. IVIost 
of this work has been earried out on dogs 
whicli liave received injeetions of dog 
plasma. Hegsted, Hay and Stare”' have 
found through growth studies in rats tliat 
human albumin is deficient in isoleucine 
and tr;y 7 )tophane. However, thej" demon- 
strated tliat oral feeding of tliis protein 
maintained nitrogen balance in adult dogs. 
These species differences in tlie require- 
ments of specific amino acids make it 
difficult to reach anj^ satisfactory conclu- 
sion on the fate of human plasma injected 
in human beings from animal experiments. 


Excluding conditions of shock, or the 
first several weeks following a burn or 
fracture, when nitrogen excretion is known 
to be increased above the normal, there 
seem to be only 3 reports on nitrogen 
balance when human plasma was trans- 
fused into apparently normal indi\dduals. 
Kreman, Hall, Kosclmitzke, Stevens and 
Wangensteen,*' and Wangensteen, Hall, 
Kremen nnd Stevens” compared the use 
of human plasma witli bovine plasma, 
and Muetlicr nnd Andrews*® reported some 
studies on C patients in conjunction with 
methods of preserving blood. None of 
these studies in humans included the 
alterations in plasma volume or hemato- 
crit wliich resulted from the transfusion. 
Although there is information on such 
changes immediately, or a few days fol- 
lowing a single transfusion,'®''®’** there 
are no reports on such alterations in the 
late post-transfusion period following re- 
peated injections of plasma. The follow- 
ing study was, therefore, undertaken to 
obtain more information on the effect of 
human plasma transfusions on the nitro- 
gen balance in man, and on changes m 
plasma volume, plasma proteins and 
hematocrit. 


* This work was carried out in part under a contract recommended by the Committee on Medics! 
Research between the Office of Scientific Rcsearcli nnd Development and Wayne University. It wes 
also supported in part by a grant from the Theodore A. McGraw Fund. 

t Present address: Women’s Medical College, Philadelphia. The other authors, who have also 
moved, can be reached through the senior author. 
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Procedure. Three patients were selected 
for this study who seemed to be in a good 
state of nutrition.* Their case histories 
and detailed dietary management are given 
in the protocol. The following synthetic 
diet was fed in amounts to insure slightly 
greater than an adequate protein and caloric 
intake: Hydrolyzed casein (Amigen) dextro- 
maltose and orange juice supplemented with 
vitamins. Iron was contained in the diet iji 
amounts almost equal to the accepted dail}'- 
requirements (15 mg.), and additional 
amounts were given in the form of iron 
citrate in the last 2 subjects. 

The patients received the diet for at 
least 4 da3'^s, and then nitrogen balance 
studies were carried out for two 4 day peri- 
ods on this diet. Following this, protein 
was omitted from the diet for 5 days and 
in its place the patient was given a daily 
intravenous injection of plasma estimated 
to contain the same amount of protein as 
he had eaten on each of the previous days. 
(Amount for each patient given in the proto- 
col.) Subsequent!}’’ the patients were re- 
turned to their control synthetic diet and 
studied for from two to four 4 day periods. 
In the last 2 subjects, following the comple- 
tion of 4 periods after the transfusion period, 
another 5 day period was added in which 
the protein in the diet was entirely eliminated 
in order to study the nitrogen excretion and 
partition under these conditions. This 
period was essentiall}’^ the same as the third 
period when plasma was administered ex- 
cept that the patient was not given any 
parenteral protein. 

Food, feces and urine were analyzed for 
total nitrogen content, and the following 
nitrogen constituents of the urine were 
determined: urea, ammonia, uric acid, cre- 
atinine, creatine and amino acids. The 
methods for these determinations have been 
described elsewhere.®^ Plasma volume, hem- 
atocrit, plasma protein and albumin deter- 
minations were made during the control 
Ijeriod, and IS to 20 hours following the 
last transfusion. In the first subject these 
same studies were also made on the 9th day 
after the last transfusion; in the second sub- 
ject, on the 12th and 23rd day, and in the 
third subject, on the 9th and 24th day. The 
method for these determinations was essen- 
tially the same as that prc\'iously employed.' 


Ten cc. of Evans blue dye (T-1824) contain- 
ing 1 mg. per cc. were injected intravenously 
for the determination of the plasma volume. 
The total red cell mass was calculated from 
the plasma volume and hematocrit and while 
this method does not give reliable values,'^ 
it was felt that the percentage changes in the 
total red cell mass might be of some sig- 
nificance. 

Results. The data on nitrogen balance 
and urinary nitrogen partition are sum- 
marized in Tables 1 and 2. All 3 subjects 
were in positive nitrogen balance during 
the first 2 periods while receiving the 
hydrolyzed protein by mouth, except for 
Subject C. S., who show'^ed an insignificant 
loss during the first period. This confirms 
the reports® that hydrolyzed protein 
given orally will maintain nitrogen bal- 
ance. During the 5 day period of plasma 
transfusion, all subjects were not only in 
positive balance, but the nitrogen reten- 
tion during this period (particularly in 
Subjects J. M. and C. S.) was much 
greater than when nitrogen was fed in the 
form of casein hydrolysate. However, 
following the transfusion, the excretion 
of urinary nitrogen was increased over 
the control periods in all 3 subjects, 
although the retained nitrogen was not 
entirely lost. In the first subject, J. M., 
this resulted in only a slight loss, a total 
of 3.12 gm. in 8 days, or 13% of the 
amount gained (24.35 gm.) during the 
period of transfusion. However, in C. S., 
this loss was more marked, totalling 
26.13 gm. in 9 days, or S5 % of the amount 
gained (30.70 gm.). Subject C. M. lost 
a total of 7.68 gm. in 5 days, or 52% of 
the amount gained (14.90 gm.) during 
the transfusion period. 

The urinary nitrogen excretion in the 
last 2 subjects on the protein-free diet 
Avas similar to that observed during the 
period of transfusion. The average nitro- 
gen excretion in Subjects C. S. and C. M. 
during tlie periods of transfusion was 5 
and 5.26 gm. respectively, whereas on the 
nitrogen-free diet it was 4.29 and 4.84 gm. 


Bcc.'iiiso of viiri.iHou in ago, nutritional state, etc,, these 
the circumstances wore tlie best that could be obtained. 


cases were admittedly not ideal, but under 
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During the period of transfusion and the 
nitrogen-free diet these 2 subjects showed 
an increase in % uric acid, creatinine 
and creatine excretion. Similar altera- 
tions were observed in the first subject 
during the transfusion period. However, 
the absolute amount of these various 
fractions was relatively constant, except 
for creatine excretion which was markedly 
increased in the first subject (J. M.) dur- 
ing the period of transfusion -and in the 
last subject (C. M.) in the period follow- 
ing transfusion. The % urea nitrogen 
excretion was lower in this patient during 
transfusion and on the nitrogen-free diet. 
It was also lower on the nitrogen-free diet 


(16%) but the value increased by the 
12th day (24%) and returned to normal 
on the 23rd day. Subject C. M. showed 
no significant change on the 1st day fol- 
lowing the last transfusion, but as in 
Subject C. S. showed an increase (16%) 
on the 12th day; on the 23rd day the value 
was 10% above the control. 

Hematocrit values were decreased dur- 
ing and followung the period of injection. 
In the first subject, J. M., the fall in the 
hematocrit appears to be largely the result 
of dilution rather than decrease in the 
volume of circulating red cells. But in 
the last 2 cases (C. S, and C. M.) the drop 
in hematocrit was marked and cannot be 
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01.7 

340 

7.9 

138 

3.2 

54 

1 .2 

558 

13.0 

420 

9.9 

96.9 

in the second 

subject (C. S.) but not 

dur- 

accounted for by 

dilution. 

On 

the 12th 


ing tlie period of transfusion. The de- 
crease in % urea nitrogen excretion in the 
first subject (J. j\I.) during the transfu- 
sion seems insignificant. Ammonia and 
amino acid nitrogen excretion showed no 
marked alterations during the stud}'. 


day the calculated volume of circulating 
red cells was 31 and 36% respectively 
below the control value in these 2 sub- 
jects. It was at least 23 days before the 
hematocrit and volume of circulating red 
cells approached the control value. 


As shown in Table 3, the changes in Protein concentration in the first sub- 


plasma volume following tlie transfusion 
were not consistent, but the trend was 
towards an increiise. The first subject, 
J. M., showed a significant rise (3S%) on 
the 1st day followitig the 5 days of trans- 
fusion. and the value was 11 % above the 
control on the 0th day. The second pa- 
tient (C. S.) showed only a small increase 


ject showed only slight changes during 
the entire experiment, but Subjects C. S. 
and C. jM. both showed an increase in the 
plasma protein concentration following 
the periods of transfusion. Alterations 
in albumin-globulin ratios were small, ex- 
cept in C. hi. where the ratio was con- 
sistently higher than the control value. 
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Total circulating protein immediately fol- 
lowing the transfusion was increased (33 
and 52%) above tlic control value, but 
as shown in Table 4 the increase was small 
compared to the amount of protein in- 
jectod during the 5 days. 


average of protein. The transfusion 

was given in 2 divided doses, morning and 
evening. Tiic diet during this time con- 
tributed 2070 Cal. 

The temperature of the patient was nor- 
mal previous to the transfusion. lie had a 
chill on the Ist day and the transfusion had 


'J.MIM: \'or,u.Ati:. I’liorni-v .vsn Ifr-MATOciiiT CiiANni;*! 


n.i\ of 

D,■ly^ 

vohifiio 

clinnr^ 

chnOfto 

nioixi 

volume 

chnriRe 

CirctilntinK 
rrtl coll 
innM 
ch-inRO 

Protein 

concentra- 

Total 

circulating 

protein 

chanRC 

A/G 

• lransfii«ion 

trariRfution 


(Cr) 

(W 

i%) 

tion 

(%) 

rotio 


(Control) 

(SlTl) 

(•13, f) 

(5C02> 

(21.31) 

7. -12 

(235) 

1.32 

4 

1 

••-as 

-10 

-10 

-f-21 

_ o 

T.or, 

7.10 

-}-34 

1.40 

1.20 




-ir. 


7.10 

1.34 


s 

•i-ii 

-13 

-n 

-r 3 

- S 

0.70 

+ 2 

1.53 


(Control) 


(40.4) 

(lOKl) 

(2013) 

o..a7 

(ISO) 

1.47 


I 

-1- m 

Mil 

-■‘a 

-*31 

7. CO 
S.31 

8.52 


1.52 

I.IC 


lb 

-*-21 

—32 

+ 2 

-31 


•fiss 

1.41 



+ -1 

-10 

- G 

-21 

d.'-ic 

-f- r, 

2.00 




+ 0 



c.&a 


1,73 


(Control) 

(2P02) 

(40.0) 

(340.*.) 

(2.>C3) 

0.72 

(10.5) 

1.43 


I 

-I- *1 

-12 

- G 

-IS 

S.7S 

-f3fl 

0.24 


0 

1 4 

-1-10 

-30 

— 0 

-30 

7. no 

-1-22 

2,*12 


»•# 

21 

-f^io 

— 17 
— 0 
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- s 

0,55 

-1- 7 
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Taiim: a . — IDiKrr.nn.von Hktwf.kn PnoxniN ISJEcran and IscnnASB is Pfasma PnoraiN 


DifTorcnce he- 
tweon protein 

Total circulattni: proteins injected and 



Before 

transfusion 

After 

tran.sfusion* 

increnso 

protein 

injected 

circulating 

protein 


(cm.) 

(cm.) 

(Em.) 

(Em.) 

(%i 

J. AI. . . 

. . 235 

314 

79 

304 

22 

C. S. , . 

. . 1S9 

2S7 

9S 

366 

27 

C. M. . . 

. . 195 

205 

70 

254 

28 


* 18 to 24 liours after Inst transfusion. 


Case Histories. Case 1. J. M., 65 year 
old white man, admitted to the hospital 
because of bilateral hernia. Right hemior- 
raphy done on April 11, 1944, and left on 
April 25. Convalescence from operations 
entirely uneventful. 

On May 5, patient was started on diet 
consisting of 109.2 gm. hydrotyzed protein, 
473 gm. dextro-maltose, 500 cc. orange juice, 
2 gm. salt mixture, 100 mg. ascorbic acid, 
20 mg. thiamin, 50 mg. nicotinic acid, perco- 
morphum 4 minims, made up in 1000 cc. 
of w’ater. This diet provided 86 gm. of 
protein and 2440 Cal. The first collection 
period” was started on May 10. During the 
3rd period the patient received the follow- 
ing amounts of plasma on 5 successive da 5 ^s: 
1340, 1100, 1305, 1480 and 1320 cc. The 
plasma was obtained from the Receiving 
Hospital Blood Bank and contained an 


to be temporarily stopped. He showed a 
urticaria on the 2nd daj”, and again had a 
chill on the 3rd and last day of transfusion. 
During this period of transfusion, the tem- 
perature ranged from normal to 101° F. 
He complained frequentlj’- of headache and 
some soreness in his mouth. He also com- 
plained of feeling nauseated and vomited 3 
to 4 times. 

Following the period of transfusion, his 
temperature was normal for the 9 daj”s he 
was observed. 

Case 2. C. S., 67 year old w'hite man, 
admitted and operated on, April 26, 1944, 
because of perforated gastric ulcer (perfora- 
tion occurred 4 to 5 hours prerious to 
operation). On May 7, the patient had a 
left saphenous ligation. 

On May 31, the patient was started on 
a diet consisting of hydrolyzed protein 
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79.2 gni., dextro-maltose 435 gni., orange 
juice 300 cc., ascorbic acid 200 mg., thia- 
min 4.5 mg., riboflavin 2 mg., niacin 40 mg., 
percomorphum 5 ggts., and ferric ammo- 
nium citrate 15 cc. of a 25% solution made 
up in 750 cc. of water. This diet provided 
62 gm. of protein and 2107 Cal, The first 
collection period was started on June 5. 
During the 3rd period the patient received 
1000 cc. of plasma daily, obtained from 
Sharpe & Dohme, which contained 7.31% 
protein. The plasma was administered in 
2 doses morning and afternoon. The diet 
during this time contributed 1817 Cal. 

The temperature of the patient showed 
little fluctuation previous to the experi- 
ment and was normal 15 days before the 
stud5^ The temperature remained normal 
throughout the entire experiment, except 
on the last day of the transfusion when it 
rose to 100° F. for a few hours, but it 
rapidly returned to normal and remained so. 

The patient complained of some head- 
ache and towards the end of the 3rd period, 
of nausea and sore gums. He vomited fol- 
lowing the very last transfusion. However, 
only 0.18 gm. of nitrogen were lost by this 
emesis. Through an error, this subject was 
not given the hydrolyzed protein on the 
1st day following the transfusion, which 
explains the lower nitrogen intake in Per- 
iod 4. No untoward symptoms were noted 
in the patient during the remainder of the 
experiment (27 days). 

Case 3. C. M., 20 year old Negro male, 
admitted to hospital and operated on, 
July 20, 1944, because of perforated duo- 
denal ulcer (perforation occurred about 
5 hours previous to operation). 

Patient was started on a diet, August 4, 
consisting of 90 gm. of hydrolyzed protein, 
dextromaltose 539 gm., orange juice 600 cc., 
ascorbic acid 100 mg., thiamin 5 mg., ribo- 
flavin 3 mg., niacin 20 mg., pantothenic 
acid 25 mg., percomorphum 5 ggts., ferric 
ammonium citrate 15 cc. a 25% solution. 
The diet was made up in 750 cc. of water. 
Tlie 1st collection period was started on 
August S. The diet pro\nded 70 gm. of 
protein and 26S2 Cal. During the 3rd 
period the patient received 1000 cc, of 
plasma for 4 days and 500 cc. on the 5th. 
T he last 500 cc. were omitted since the 
patient was not feeling well because of the 
frequent large transfusions. Tlic plasma 
was obtained from Sharpe ib Dohme, which 


contained 7.31% protein. The plasma was 
administered in 2 doses, morning and after- 
noon. The diet during this time contributed 
2344 Cal. 

The patient had an elevated temperature 
(between 99'4 to 101.2° F.) for 60 hours 
after the operation and from this time until 
studies were begun his temperature was 
normal. During the period of transfusion 
his temperature was normal most of the 
time, but on several occasions rose to 
100° F. He complained of headache, nau- 
sea, vomited small amounts several times 
and also complained of sore gums and 
throat. During the 1st posfr-transfusion 
period his temperature was normal most of 
the time, except for 2 rises to 100° F. 
The temperature remained normal during 
the remainder of the experiment (20 da3’'s) 
and no untoward symptoms were noted. 

Discussion. Nitrogen Balance Studies. 
Although all subjects were in positive 
nitrogen balance during the period of 
transfusion, the urinary nitrogen excre- 
tion in the post-transfusion period was 
increased above the 2 control periods, 
resulting in a loss of nitrogen. The total 
urinary nitrogen excretion in the post- 
transfusion period was very similar for 
the 3 subjects, but the resulting nitrogen 
loss was variable. This difference may 
have been influenced bj'’ the age of this 
group which varied from 20 to 67 years. 
Subject C. M. showed a fairly marked 
positive nitrogen balance previous to the 
transfusion which might be accounted for 
bj’’ the fact that tlie stud3" in this indi- 
vidual was started 2 weeks following the 
operation for perforated ulcer. It seems 
probable that the patient was still in the 
recover3’- or anabolic phase, and this could 
have influenced his response to the plasma 
transfusion. The difference in the nitro- 
gen intake might also account for the 
variation in the loss of nitrogen in the 3 
subjects following the transfusion. There 
is some evidence that tlie nitrogen balance 
during or following transfusion ma3' be 
influenced by reaction to the injected 
plasma, and amount of plasma transfused. 
The results of tlie present stud3' will, 
therefore, he discussed under these topics. 
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Positive nitrogen balance during jicriods 
of plasma transfusion liave Ijecn reported 
by various %vorkcrs,-''''''''’'’ and in 
these cases no evidence of a reaction was 
noted. However, a negative balance in 

1 experiment during the intravenous ad- 
ministration of plasma was reported" in 
an animal that manifested a reaction to 
the transfusion. An increased nitrogen 
excretion in the post-transfusion period 
was noted-** in 1 dog which reacted un- 
favorably to horse serum and in another 
animal which showed symptoms of irrita- 
tion from tlie intraperitonc.al injections of 
plasma. In the present study. Subject 
J. M., as shown in the case history, had 
chills, fever and some urticaria during the 
period of transfusion. He showed a 
marked increase in creatine excretion 
which was also noted by Daft, Robscheit- 
Robbins and Whipple" in an animal that 
e.xlnbitcd a reaction. Subject J. M. ex- 
creted on an average 1 gm. of nitrogen 
per day more than the other 2 subjects 
during the transfusion period. Excretion 
during this period may liavc been less and 
hence nitrogen retention greater had there 
been no reaction. Subjects C. S. and 
C. M. showed only minor and infrequent 
temperature elevations. Creatine excre- 
tion in Subject C. hi. was increased in 
the post-transfusion period; no change in 
this constituent was observed in Subject 
C. S. Altliough no studies were made, it 
was observed that the blood pigments in 
the plasma were increased during and 
immediately following the period of trans- 
fusion, especially in these 2 subjects. Urin- 
ary nitrogen excretion during the period 
of transfusion was slightly higher in these 

2 patients than during the time they were 
on the nitrogen-free diet. Since other 
studies’ in which the subjects were 
fasted or on a nitrogen-free diet showed 
little or no increased excretion during the 
period of transfusion, the nitrogen excre- 
tion observed in C. S. and C. M. may 
have reached a lower level had there been 
no undesirable effects from the transfused 
plasma. All 3 patients complained of 


nausea, headache, and a sore mouth dur- 
ing the period of trnmhision u’hich sub- 
sided shortly thereafter. 

It has been suggested" that a sufficient 
amount of fat and carbohydrate may be 
necessary for the utilization of large 
amounts of plasma given by vein. .In 
increased nitrogen excretion during trans- 
fusion and a few days following was re- 
ported’ in an animal that received 50 gm. 
of extrose as the sole source of calories. 
When this was replaced by 200 gm. of 
the Cowgill diet there was clinical im- 
provement and the nitrogen excretion d^ 
creased. Although the subjects in the 
present experiment rccci\*ed no fat, caloric 
intake was calculated to be adequate 
(1800 to 2.300 Cid. during transfusion 
period). 

Tire first subject, J. M., received plasma 
from the hospital blood bank, whereas 
reconstituted lyophilized plasma* was 
used for the last 2 subjects. Bounce and 
Howland® found that when crystalline 
beef liver catalase had been dried bj*’ the 
lyophilized process that it was not crystal- 
lizable, possessed about one-third tlie 
activity of the undried material, and that 
its hematin iron could be reduced, indi- 
cating some change in molecular struc- 
ture, It has also been reported®’ that 
there is a loss in clot strength of dehy- 
drated plasma. Seegers” noted that the 
activity of thrombin was reduced after 
lyophilization. Although tliere is no 
direct evidence, it seems possible that the 
process of lyophilizing may alter the nature 
of the plasma proteins, and thus may 
have affected the nitrogen balance. 

Elman and Davey,® from their w-ork in 
dogs, suggest that the quantity of plasma 
injected may have an influence on the 
utilization of the plasma protein. In 
their study, most of the gain in nitrogen 
during the w-eek of injection was lost m 
the post-transfusion period. Their injec- 
tions (600 cc. per day, or an amount 
equivalent to 7 gm. of nitrogen) were 
larger than those used by other workers- 
In a later study these same author.s,’" from 


* lOiiflly furnished by .Sliarpe & Doliine Co.. Philadelpiiia, Pa. 
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work on intravenous administration of 
amino acids, concluded that there seems 
to be a ceiling utilization of nitrogen at 

- least when given in this form. It seems 
plausible that there may also be a ceiling 

[ utilization of injected plasma protein. In 
the plasma transfusion studies on huraans'^ 

. oOO cc. of plasma were injected daily for 

- .3 days. Muether and Andrews^ do not 

- state the amount of plasma injected, but 
their figures of 25 to 45 gm. of plasma 
protein would indicate a transfusion not 

■ much greater than 500 to 750 cc. These 
I authors did not observe an increased nitro- 
gen excretion in the post-transfusion 
period. In the present study, approxi- 
mately twice this amount (?. e., 1000 cc.) 
of plasma was injected daily for 5 daj'-s. 
Albright- recently reported a nitrogen bal- 
ance study on a patient who was trans- 
fused with 32.1 gm. of nitrogen in the 
form of serum over a period of 2 days. 
He concluded that “ 15.3 gm. were metab- 
I' olized as indicated by increased nitrogen 
in the urine and 20.1 converted into pro- 

* toplasm as indicated by the decreased 

phosphorus in the urine. . . . The 

' peak of the nitrogen excretion curve came 
on the day following the 2 days of injec- 
, tion and the increase of nitrogen e.xcretion 
was completed by the 6th day following 
'' the injection.” While the total amount 
of plasma transfused was less than that 
’ given to our patients, the amount given 
^ ])er day was larger. The increased nitro- 
gen excretion noted by Albright following 

* the transfusion is in keeping with the 
^ findings of the present study. Thus, it 
' seems quite probable that the increased 
I- nitrogen excretion in the post-transfusion 

period was affected by the quantity 
transfused. 

r B/ood Studies. The alterations in blood 
r and plasma will be considered under 
i' plasma volume changes, protein concen- 
tration and total circulating protein, and 
the liematocrit and circulating red cell 
volume changes. 

Reports on changes in plasma volume 
during and immediately following a trans- 
fusion are controversial. Haywardd^ Ilav- 

( 


ward and -Jordan,'® and Sharpey-Schafer 
and Wallace^® have reported a temporary 
increase in plasma volume in humans 
which was determined by following hema- 
tocrit and hemoglobin changes. The as- 
sumption that hematocrit and hemoglobin 
changes reflect changes in plasma volume 
has been criticized by Beatti.'* ® He points 
out that a transfusion opens new capillar- 
ies and that some plasma can remain 
immobilized as a surface film without 
being concerned in the ratio of cells to 
plasma. Elman and Davey® using the 
Evans blue dye method found an increase 
.in plasma volume in dogs at the end of a 
7 day transfusion period. At the termina- 
tion of the experimental period (14 to 
21 days) the plasma volumes were near 
the control or below. Shearburn''® noted 
an immediate but transient increase in 
total plasma volume returning to the pre- 
transfusion level within 3 days. An in- 
crease in plasma volume following trans- 
fusion in dogs has also been noted by 
Freeman and Wallace'® but no greater 
than was found after injection of glucose 
or saline. Daft, Robscheit-Bobbins and 
Whipple' noted a decrease in the plasma 
volume during the period of plasma trans- 
fusion, but apparently felt that this was 
due to a deficient or inadequate protein 
intake. The subjects in the present study 
all showed an increase in plasma volume 
which at the termination of the experi- 
ment (9 to 24 days) approached the con- 
trol value. 

There was an interesting inverse rela- 
tionship between plasma volume and urine 
e.xcretion. The fluid intake for each indi- 
vidual subject was essentially the same 
during the control and transfusion periods, 
except for the additional fluid given in 
the form of plasma. Subject J, M., who 
showed an increase of 38% in plasma 
volume on the 1st day following the last 
injection, excreted during the period of 
transfusion an average daily urine volume 
of only 9% above the control values. 
Subject C. S., with a 16% increase in 
plasma volume, e.xcreted a volume of.urine 
45% above the control value, and the 
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Inst subjecf wJio slioivcd no 'significant 
alteration in plasma volume cxcrctcfi a 
volume of urine 132 Vi. above tJie amount 
excreted previous to transfusion. Met- 
calP in a plasma transfusion study in 
dogs observed that 4 to S hours following 
an injection, tlie rate of urine excretion 
correlated relatively well with the change 
in plasma volume. 

The first subject, J. M., showed little 
change in protein concentration, but it 
was significantly increased in the last 2 
subjects. Tlie percentage increase in total 
circulating protein in all 3 subjects was of 
similar magnitude. However, as shown 
in Table 4, this rise was small compared 
to the amount injected. This observation 
was also noted by Elman.’'* The protein 
or its metabolites cannot be accounted 
for in the urine since urinary nitrogen 
was decreased at the time tliat the plasma 
protein was disappearing from the blood 
stream. MetcalP in an attempt to deter- 
mine if the protein was taken up by the 
liver, transfused serum directly into the 
portal vein. However, in tins experiment, 
the protein appeared in tlie general circu- 
lation and then disappeared from the 
blood stream at about tlie same rate as 
in other experiments. No demonstrable 
change in protein content was noted in 
liver, muscle, kidney and intestine biop- 
sies before and 8 to 10 horns after a large 
serum transfusion. The studies of Madden 
and l^TiippIe-® have indicated a rapid ex- 
change between tissue and plasma pro- 
tein which has recently been confirmed by 
studies”’ mth the use of labelled plasma 
protein. But further studies are needed 
to give information on the storage, e.xcre- 
tion, utilization or fate of injected plasma 
protein. 

The change in hematocrit in the first 
subject was largely due to dilution since 
it was not accompanied by a decrease in 
circulating red cell volume. But the 
hematocrit and circulating red cell vol- 
ume change in the last 2 subjects was 
marked. Although the method, which 
was used to determine the circulating red 
cell volume is recognized to be inaccurate, “ 


the changes noted in these subjects seem 
marked enough to be of significance. Met- 
calF' noted a decrease in size of red cells 
a few hours following a transfusion in 
dogs. If tin’s change occurred in these 
2 patients, it could only partially account 
for the marked drop noted in those 2'sub- 
jeets. Hematologic studies in these 2 pa- 
tients showed an increase in reticulocyte 
count. The first patient, J. M., who 
ceived plasma from the hospital blood 
bank did not show the anemia. Since 
tlie last 2 subjects received lyophilized 
plasma, an inherent property of thelyoph- 
ilizod plasma was considered as a possible 
cause of the anemia. This plasma was 
preserved with phenyl mercuric borate 
(1 ; 25,000), and although the amount pres- 
ent is so small as to be non-toxic, its 
possible effect was investigated by inject- 
ing comparable amounts for 5 consecutive 
days in 2 dogs. Blood studies on these 
2 animals were followed for a period of 
10 daj»s following the last injection, but 
at no time was there a demonstrable 
change in the hematocrit or circulating 
red cell volume. The possibility that the 
process of lyophilization may alter the 
nature of the plasma protein has been 
previously^ discussed. 

Shearbmn,^^ in a study on dogs, com- 
ments that the total blood volume de- 
creased due to an increasing anemia in 
2 groups of animals given a transfusion 
of 50 cc. of plasma once or twice daily for 
2 weeks. 

lYhile it is felt that some inherent 
quality in the lyophilized plasma (pos- 
sibly a denatured protein) may have 
caused the anemia, other factors such as 
repeated large transfusions, cannot be 
definitely excluded. 

Summary. Nitrogen balance, plasma 
volume, protein and hematocrit deter- 
minations w'ere carried out on 3 male sub- 
jects given an adequate carbohydrate, 
mineral and vitamin intake by mouth 
and protein by plasma transfusion for a 
period of 5 days. Previous to, and fol- 
lowing the transfusion, protein was given 
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by mouth in the form of a hydrolysate of 
I casein. The results were as follows: 

■ 1. During the period of the transfusion, 

tlie urinary nitrogen excretion was de- 
: creased in all subjects resulting in a 

- marked positive nitrogen balance. 

'i 2. Following this period, the urinary 
• nitrogen excretion was increased over the 
control periods in all 3 subjects resulting 

- in a loss of 13, 87 and 50% respectively 

- of the nitrogen gained during the period 
j, of transfusion. The variation in loss 

- among the 3 subjects may have been due 
I to difference in age, the use of recon- 

- stituted lyophilized plasma in the latter 
.. 2 subjects, or level of protein intake fol- 
.. lowing the transfusion. Reaction to the 
\ plasma transfusion did not seem to have 

a great effect on the nitrogen balance. 
, There is some indication that the increased 


nitrogen excretion during the post-trans- 
fusion period may have been due to the 
quantity of plasma transfused. 

3. Nitrogen excretion and partition in 
2 of the subjects on a protein-free diet 
showed some similarity to that noted dur- 
ing the period of transfusion, except for 
the amount of creatine excreted. 

4. The increase in plasma volume was 
variable in the 3 subjects, but appeared 
to be inversely related to the volume of 
urine excreted. 

5. The increase in total circulating pro- 
tein varied from 33 to 52 % but was small 
compared to the amount of protein 
injected, 

6. Two of the subjects showed an 
anemia following the plasma transfusions 
as evidenced by a decrease in calculated 
circulating red cell volume. 
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PARTIAL MATURATION OF LEUKEMIC MYELOBLASTS FOLLOWING 
FRESH PLASMA TRANSFUSIONS 

13y JoSEI'JI L. SCIIAVIN'D, Pii.D.* 

I lUNPIS JHUI.NMVr* rriOlf^'^OII 01 ANATOMY, CO^T^^ GE 01 MFDiriNE, tJN^ UlSlT^ OF CINCIN\\TI 

OJNCJNWTI, OHIO 

(From tiie Deparlnicnt of Anatomy, Allmij Mochcal CoIIcfic, Albanv, Xcm York) 


In a case of acute myelogenous leu- 
kemia, Sabin, Austrian, Cunningham and 
Doan'' found that following whole blood 
transfusions some of the myeloblasts in 
the peripheral blood were replaced by 
eurl.^' stages of m.^•clocytes. Following 
each transfusion the percentage of myelo- 
blasts in the difl'ercntial count declined, 
while the percentage of early myelocytes 
rose. After a few days, a relapse occurred 
and the differential count returned to its 
original condition, so that these cell types 
bore an inverse relationship during the 
period of investigation. It was not knowm 
if the factor causing the partial matura- 
tion of the myelol)lasts was in the trans- 
fused cells or in the plasma, nor could 
the manner of its action be determined. 
Recently 2 cases of acute myeloblastic 
leukemia afforded an opportunity to make 
a further step in investigation. Both 
patients were in good clinical condition, 
in spite of the gravity of their disease, 
and had no need of whole blood transfu- 
sions, The.y were given fresh plasma 
transfusions to see if the partial matura- 
tion described above could be confirmed. 
The blood plasma w'as obtained by allow'- 
ing the cells to settle out of the citrated 
blood obtained from donors, and w^as 
therefore about 2 daj'S old at the time it 
was given to the patients. 

The differential counts w'ere made from 
dried smears stained wdth Wright’s stain 
and from supravital preparations. Neu- 
trophil granules w'hen they first appear 
in the youngest promyelocytes do not 
stain well with the former method, or for 


that matter, wath any of tlie Romanoask) 
stains. SupraAntal .staining with neutral 
red and pinacyanole when properly done 
and when studied with the best available 
optical system under optimum condition^ 
for microscopy makes possible consider- 
ably more accurate differential counts of 
the earliest cells containing specific gran- 
ules. This method was therefore used in 
constructing the curves subsequently re- 
ferred to in this paper. There is at 
present, howc\'er, some misapprehension 
iibout the appearance of myeloblasts and 
neutrophilic myelocytes A when studied 
in supravital preparations, because in the 
early work witli tire method-’’ no distinc- 
tion was made between neutral red vacu- 
oles and neutrophil granules, w'hich also 
stain with neutral red. In the abore 
quoted ptipers, a myeloblast was defined 
as a cell with a basopliilic cytoplasm, 
having a large number of mitochondria in 
the cytoplasm and containing no bodies 
staining with neutral red. jMyelocjde A 
wms defined as containing a small number 
of granules, not more than 10, staining 
with neutral red, clumped together in the 
cytoplasm near the centrosphere. These 
“granules” w’ere thought to be the pre- 
cursors of the neutrophilic granules, be- 
cause they stained much more intense!.' 
than do the granules of adult neutrophils 
The present WTiter feels that this is « 
misinterpretation, and that these “gran- 
ules” were actually neutral red vacuoles 
It wall be noted in the plates of the first 
paper cited that the neutral led bodies 
are drawn as large or larger than the 


* This nork was done ulnle the author a membei of the Department of Anatomy, .Albanj Medica 
College, Union University, .Albany-, N. Y. He wishes to acknowledge his indebtedness to Dr. Otto - 
Tanst, Professor of Pediatrics in the Albany Medical College, and to the Resident and Interne Sta^ ^ 
of his Department for the courtesy- and cooperation which made an exliaustive study of these c-a'c 
possible. 
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mitochondria. This is within the size 
range attained by vacuoles, whereas neu- 
trophilic granules are very mueh smaller, 
and axe just visible as separate granules 
when the greatest possible resolving power 
of the microscope is employed by immers- 
ing the condenser. The cells illustrated 
are therefore not myelocytes A but myelo- 
blasts, for a cell cannot be designated as 
one of the myelocytes until it has acquired 
definite specific granules. HalP was 
apparently the first to notice that myelo- 
blasts may contain neutral red vacuoles. 
All of the myeloblasts of Case 1 of this 
paper contained neutral red vacuoles, and 
some of the cells bad a large number of 
them; 70 to 80 per cell, in addition to the 
usual number of large mitochondria. The 
myeloblasts of Case 2, however, were ap- 
parently somewhat younger and a small 
number of them never acquired any neu- 
tral red vacuoles, even after several hours 
on the supravital slide. These vacuoles 
as was noticed by Cunningham, Sabin 
and DoaiP were of a more reddish color 
than the neutrophil granules of mature 
cells. However, there is also a slight 
difference in color between vacuoles and 
neutrophil granules when the latter first 
appear around the “ centrosphere ” (Golgi 
apparatus) , inside of the clump of vacuoles, 
as described by Simpson and Deming.® 
This slight difference in color was not 
noticed by the above-mentioned 3 investi- 
gators or by Hall, probably because the 
optical systems they employed did not 
have sufficient color correction and resolv- 
ing poAver to make the difference visible. 
This question will be discussed more fully 
in another publication. 

jMcanwhile a myeloblast in a supravital 
jneparation will -be redefined as an undif- 
ferentiated cell normally found in the bone 
marrow, with a large nucleus having a 
fine chromatin reticulum and a colorless 
or faintly yellow cytoplasm Avhich contains 
large scattered mitochondria and may or 
may not contain neutral red vacuoles, but 
in which there arc no neutrophilic or other 
s])ce.i[ic granules. Myelocyte .A Avill be 
redefined a.s the first cell of the gnmulo- 


cytic line which contains a small clump 
of specific (neutrophilic) granules clumped 
around the “cytocentrum” (Golgi appa- 
ratus), the diameter of the whole clump 
of neutrophilic granules not being greater 
than 3 times the diameter of the cytocen- 
trum. Most of these cells have an irregu- 
lar ring of vacuoles around the periphery" 
of the elump of gr..nules, as has already 
been mentioned, and in addition there 
may be a variable number of vacuoles 
scattered in the cytoplasm. jMyelocyte B 
is any cell with more than the above num- 
ber of specific granules, but less than the 
full complement, while myelocyte C is a 
cell with the full complement of granules 
but with a round or oval nucleus to dis- 
tinguish it from the later stages of the 
granulocytic lines. Myelocytes B and C 
have neutral red vacuoles as well as specific 
granules in their cytoplasm, but their 
number decreases as the cell matures. 

Case Reports. Case 1. This patient was 
a 6 weeks old male infant who had been born 
with what subsequently proved to be a 
leukemic tumor of the lower lip. No blood 
studies were done until the child was re- 
ferred to the Albany Hospital for diagnosis 
of the tiunor, at Avhich time the leukemia 
was discoA'ered. The patient was studied 
for 10 days. The total white blood count 
during the period of observation varied 
from 16,000 to 26,000, while the red cell 
count remained in the Aucinity of 3,000,000 
cells per c.nun. Blood platelets Avere re- 
duced, but there AA'as no purpura or other 
bleeding. The range of cells in differential 
counts made from smears stained AAuth 
Wright’s stain for the 1st AA’eek of hospital- 
ization was as follows: segmented neutro- 
phils 0 to 0.5%, band forms 1 to 2.5%, 
metamyelocytes 0 to 1.5%, myelocytes 0 to 
0.5%, promyelocytes 0 to 2%,, leukoblasts 
and myeloblasts 56 to 61%, monocytes 0 
to 0.5%, bunphocytes 36.5 to 41.5%. Con- 
genital leukemia is extremeb' rare, and this 
case A\ill therefore be reported in detail 
elsewhere. 

The results of differential counts of myelo- 
blasts and early inyelocA’tes made AA'ith the 
supraAital method in this case are shoAATi in 
Figure 1. It can be seen that for the 1st 
AA'cek, the number of myeloblasts and pro- 
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myelocytes (myelocytes A and B) was 
approximately equal, tliouph the percentage 
varied somewhat from day to da 3 '. The 
uppermost curve on the chart shows the 
combined percentages of myelocytes A and 
B, while the lowermost one shows the per- 
centage of myelocytes B, which for this 
period of time varied from 0.5 to 2.5%. 
The great majority of these cells had only 
slightly more neutrophil granules than 
myelocytes A. The combined curve was 
drawn because it is a matter of opinion 


numi)er of myelocytes A and B increased 
from 4400 to 10,340 per cc. There can be 
no doubt therefore that the fresh plasms 
transfusion produced a partial maturation 
of some of the myeloblasts. This maturation 
process is by no means to be interpreted as 
a clinical remission following the plasma 
transfusion. When studied on the dried 
smears stained with Wright’s stain, it was 
much less obvious. The percentage of myel- 
oblasts having an acidophilic spot in the 
cytoplasm (the clump of discretely visible 
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Fig. 1.— Maturation of myeloblasts produced by a fresh plasma transfusion in Case 1. 


whether a particular cell is a late myelo- 
cj'te A or an early mjmlocyte B. The pres- 
ence or absence of neutrophilic granules is, 
however, a more objective criterion and a 
sharp distinction between myrnlocyrie A and 
myeloblasts can be made by any competent 
observer who has an adequate optical sj's- 
tem and who uses it with some regard for 
the principles of good microscopy. 

On the 7th day, a 90 cc. transfusion of 
fresh plasma was given vithout reaction. 
On the folloving 3 days the percentage of 
myeloblasts significantly decreased (Fig. 1), 
while the percentage of myelocytes A and B 
significantly increased. During this period 
the absolute number of myeloblasts de- 
creased from 5280 per cc. to 3890, while the 


neutrophil granules in the supravdtal prepa- 
rations) increased somewhat, and those with 
a uniformly basophilic cyrioplasm were 
somewhat fewer after the transfusion. It is, 
howev'er, very difficult to decide whether 
some cells havm or do not havm a very faintly 
acidophilic spot, and impossible to place 
much confidence in observations in which 
the subjective element is so great. The 
number of mj^elocyries A alway^s exceeded the 
number of my^eloblasts havdng an acidophilic 
spot in the cytoplasm, showing that neutro- 
philic granules do not stain in Romanowsk)' 
preparations for some time after they can 
be demonstrated with neutral red in the 
livdng *cell. 
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Case 2. This patient was a well-devel- 
oped, well-nourished 13 year old white school 
boy who was admitted to the hospital wdth 
complaints of fever, cough, with blood- 
streaked sputum, swelling of the neck and 
malaise of 3 days duration. There were 
areas of petechise in the axillae and groins 
and scattered petechiae on the abdomen and 
chest. Bluish subcutaneous nodules about 
0.5 cm. in diameter were scattered over the 
cheeks, neck, arms and thighs. The gums 
were hypertrophied, tender, ulcerated and 
bled easily. The pharynx was injected, the 
tonsils large and the left one covered with 
a necrotic yellowish membrane. There was 
generalized lymphadenopathy, and the spleen 
was palpable 3 cm. below the costal margin. 
The liver was not palpable. The blood 
count on admission showed 13 gm. (88%) 
hemoglobin, 4,350,000 red blood cells and 
34,400 white blood cells per c.imn. The 
differential count on admission was seg- 
mented neutrophils 6%, lymphocytes 5% 
and large, primitive looking cells having 
nucleoli 89%. The latter cells were subse- 
quently identified as myeloblasts. The pa- 
tient was studied for 3 weeks. During the 
period of hospitalization the hemoglobin 
varied from 10 to 13.5 gnu, and the red 
blood count from 3,480,000 to 4,600,000. 
The white cell count after admission rose 
to 75,900 in the 1st week, declined to 28,100 
at the end of the 2nd week, and then rose 
again to 48,000 on the day of final discharge. 
The range of the neutrophilic cells m the 
differential counts was as follows; segmented 
neutrophils 1 to 6%, band forms 0.5 to 3.5%, 
metamyelocytes 0 to 2%, myelocytes 0 to 
0.5%, promj^elocytes 0 to 2.5%, and (with 
Wright’s stain) myeloblasts 77.5 to 89%. 
The bunphocytes varied from 5 to 16.5%, 
and occasional eosinophils and basophils 
were found. No monocytes were .seen in this 
case either udth Wright’s stain or with the 
supravital method. 

In Case 1, the mj'eloblasts when stained 
with Wright’s stain all contained consider- 
able numbers of azure granules, and when 
studied in the suprarital preparations, the 
number of mj'eloblasts and mj’clocytes A 
were appro.ximately equal as lias been de- 
scribed. In this case, however, the cells were 
much more primitive, and when stained 
ndth Wright’s stain during the 1st week 
the patient was under observation, onl}* 
S.5 to 15.5% of myeloblasts contained azure 


granules, and at no time did more than 
26.5% of them show azure granulation. 
When studied with the supravital method 
during this time 70 to 80.6% of the cells 
in the differential count were myeloblasts 
and only 5 to 12.5% were myelocytes A 
(Fig. 2). No myelocytes B were seen during 
this period, and only a small number of 
them subsequently. They have therefore 
been left off of the chart. Peroxidase posi- 
tive cells made up 5 to 8.5% of the differen- 
tial count. 

On the 8th hospital day, the patient was 
given a 400 cc. transfusion of fresh plasma, 
without reaction. Following this the num- 
ber of myelocytes A rose to 20.5%, but 
within 3 days after the transfusion declined 
again to 12%. A second fresh plasma 
transfusion was then given, followed by a 
I’ise of myelocytes A to 26% in 24 hours, 
and then a decline to 10.5% in the 3 days 
following the transfusion (Fig. 2). 

Tlie patient was then taken home by his 
family, but returned to the hospital 3 days 
later, somewhat dehydrated, complaining of 
pain from his cough and difficulty in swal- 
lowing which made feeding him at home 
impossible. After these complaints had been 
relieved as much as possible by suitable 
medication, the patient was given 2 intra- 
muscular injections of 17% ganuna globulin 
solution to see if the substance which pro- 
duced the partial maturation of the myelo- 
blasts is present in that plasma fraction. 
The first injection was made rvith 10 cc. 
into either buttock, the second with 15 cc. 
into either buttock 24 hours later. Each 
intramuscular injection was preceded by 
2 cc. of 0.5% novocain through the same 
needle, and produced a minimum amoimt 
of discomfort to the patient. This amount 
of gamma globulin was given upon the 
assumption that 25 cc. of this solution would 
contain about the same amount of gamma 
globulin as a 500 cc. fresh plasma transfu- 
sion. These injections were, however, with- 
out effect on the differential count (Fig. 3). 
The follon-ing day the patient was given a 
250 cc. transfusion of commercial dried 
plasma (“Lj'ovac”), made up so as to con- 
tain as much protein as 500 cc. of fresh 
plasma. This also had no effect on the 
differential count (Fig. 3). 

On the 5th day after his second admission 
the patient was again taken home by his 
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familj’, and died a few days later. No tween icukeinic cells and normal cells, and 
aiitopsj' was obtained. that the younger cells in the cultures mature 

Comment. Leukemic cells liavc been to older forms. It is reported that myelo- 
grown in tissue culture with a variety of blmsts will develop granules and eventu- 
inedia and methods.' .\il authors -who ally transform into adult granulocytes. In 
have studied the problem agree that there acute mj'cloblastic leukemia, relatively 
are no marked differences in behavior be- few of them seem to be able to accomplish 
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Fig. 2. — Maturation of myeloblasts produced by fresh plasma transfusions in Case 2. 
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3. Absence of maturing effect following administration of gamma globulin and Lyovac plasma. 
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this change in the body of the patient. It 
is possible that an inhibitor substance is 
present, which prevents the maturation 
of the myeloblasts. It would seem more 
likely, however, that there is some sub- 
stance missing from the environment of 
such cells while they are in the body, the 
lack of which prevents their maturation. 
Evidence of this was obtained by Timofe- 
jewsky and Benewolenskaja,^® and more 
recently by Houghton** in experiments in 
which myeloblasts of acute myeloblastic 
leukemia were grown in tissue cultures 
with normal plasma as the medium. After 
a time, the cultured myeloblasts began to 
mature. This significant finding is con- 
firmed by the present experiments, which 
.show that fresh normal blood plasma will 
produce a maturing effect on the myelo- 
blasts of acute myeloblastic leukemia in 
ww, just as it does in tissue culture. The 
maturation produced in the patient is, how- 
ever, only partial and is moreover of a tran- 
sitory nature, possibly Ijecause the sub- 
stance producing it is present in very small 
amounts in the plasma and is quickly 
used up. There is a limit to the amount 
of plasma which can be given to a patient 
without getting into serious difficulty with 
the fluid balance. In tissue cultures, the 
appearance of specific granules in the cul- 
tured mj’eloblasts takes place in a matter 
of hours. It is realized that much more 
frequent differential counting of these 
cases would have been desiral^le, but the 
exigencies of a war-time teaching schedule 
made this imj)ossible. .A preliminary note 
on this work has been publi.shed.® 


The essential results of Sabin, Austrian, 
Cunningham and Doan, namely that 
whole blood transfusions cause maturation 
of the myeloblasts of acute myelogenous 
leukemia, are confirmed by the present 
work, even though, as has been shown, 
it is impossible to be sure which cells they 
were counting as the more mature forms. 
It has been further shovm that the matur- 
ing substance is carried in the plasma, and 
is not some factor liberated by the break- 
dovm of transfused blood cells. 

The substance which causes the matu- 
ration of the myeloblasts is not present 
in the gamma globulin fraction of the 
plasma, at least in the form in which this 
fraction is currently available. It is not 
present in ordinary dried plasma, if 1 test 
is a reliable criterion. Possibly it is 
destroyed during the processing and sub- 
sequent dehydration. It need hardly be 
added that the nature and amount of this 
substance present in fresh plasma are 
completely unknonm. 

Summary. 1. Fresh plasma transfu- 
sions resulted in the partial maturation 
of myeloblasts in 2 cases of acute myelo- 
blastic leukemia. 

2. The results of other authors with 
whole blood transfusions are thus con- 
firmed. 

3. Fresh plasma will cause the partial 
maturation of leukemic myeloblasts in 
rk'o as well as in vitro. 

4. The substance causing the matura- 
tion is not present in the gamma globulin 
fraction of blood plasma or in dried plasma. 
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GYNECOMASTIA ASSOCIATED WITH VITAMIN DEFICIENCY DISEASE 
By Ralph E. Hibbs, M.D. 

CLEVELAND, OHIO 

(From the Cleveland Clinic) 


An outbreak of gynecomastia was ob- 
served among the Americans held as 
Japanese prisoners-of-war in the Philip- 
pine Islands. This group of 7000 to 8000 
surrendered on Bataan April 9, 1942, and 
was liberated Jan. 30, 1945. During 
these 34 months malaria, dysentery and 
vitamin deficiency disease attacked almost 
every man in camp.- The prisoners were 
always underfed, suffered from all the 
avitaminotic states, acute and chronic 
bacillary and amebic dysentery, and 
malaria. 

The appearance of enlarged breasts did 
not closely coincide with the onset of any 
deficiency disease Nutritional edema, 
pellagra, ariboflavinosis, beriberi, periph- 
eral neuritis, scurvy, xerophthalmia and 
corneal ulceration had their onset in ap- 
proximately that order between April and 
December 1942. The first cases of gyneco- 
mastia were seen in November 1943, or 
after H years of prison life, almost 1 year 
since the appearance of a new deficiency 
disease. During this period there was a 
relative increase in diet providing approxi- 
mately 1200 to 1400 Calories and a cor- 
responding decrease in the incidence of 
malaria and dysentery. 

The census of the camp at this time 
was about 5000, of which 500 (10%)' had 
breast disturbances. They were of mili- 
tary age, almost all between 20 and 
30 years. This group did not necessarily 
represent the severest cases of malnutri- 
tion, although there was usually a history 
of many deficiency diseases. Almost alt of 
the men had gained from 10 to 50 pounds 
in the few months just prior to the “epi- 
demic” of gynecomastia. There was no 
particular type of habitus among the in- 
volved men. 

The onset of gynecomastia was insidious 


but simultaneous in this group. It is 
impossible to say how long the process 
had been active, but within 2 to 3 weeks 
a small tumor appeared. Both breasts 
were involved, usually to the same degree, 
and the size was comparable to the breast 
of an adolescent girl. An irregular, firm, 
nodular mass, attached to the nipple hut 
freely movable over the deep structures, 
could be felt. This rras usually not tender 
except after trauma. Thin, slightly milky 
fluid was expressed in a few cases, but 
this was not the rule. The maximum size 
of 2.5 to 3.5 cm. in diameter was reached 
in 2 to 3 months, and regression was 
complete in about another 3 months. 

A few men continued to have nodular 
breasts, although small, even until libera- 
tion 1 year later. There were no changes 
in hair distribution or pitch of voice. The 
size of testicles almost always remained 
unchanged, although 5 or 6 men had lost 
a testicle during the period of vitamin A 
deficiency, due to suppurative orchitis. 
Symmetrical enlargement of one or both 
testes was observed in rare cases. Potency 
and sexual desire and nocturnal emissions 
were not noticeably changed, having been 
at a very low level before gynecomastia 
appeared. Sperm counts wert not obtain- 
able. The rest of the examination revealed 
severe malnutrition, residual signs of neu- 
ritis and pellagra. 

'Weekly examinations were done on a 
group of 100 men with gynecomastia. 
The course was one of steady progression 
and then regression, completed within 
6 months after onset. We became satis- 
fied that the lesion was self-limited, and 
no treatment was suggested. Improve- 
ment coincided with a shipment of Red 
Cross food and sufficient vitamins to pro- 
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vide each man with 1 vitamin capsule* 
daily beginning in January 1944. A small 
number of men continued to show a pro- 
gressive enlargement of the breast after 
6 months. These breasts were surgically 
removed, Macroscopically there appear- 
ed to be small projections of tissue in 
the ducts, intracanalicular fibro-adenomas. 
No facilities were available for microscopic 
examination. 

Discussion. A causal relationship was 
never definitely established, but the most 
obvious explanation was a disturbance due 
to vitamin deficiency. We thought that 
the severe prolonged malnutrition had 
temporarily upset the endocrine balance. 
There was no clinical evidence of degen- 
eration of the liver which might have 
resulted in an excess of esti’ogen in the 
systemic circulation.^ 

It is interesting to note tliat shortly 


after the disappearance of the gynecomas- 
tia we discovered blood pressure readings 
above 140 mm. systolic and 90 mm. dias- 
tolic in about 60 % of tlie entire personnel. 
No attempt was made to check the blood 
pressure of those patients who had recov- 
ered from gynecomastia. The hyperten- 
sion was transitory, lasting from 4 to 
6 months, and adrenal dysfunction was 
the suspected cause. 

Conclusions. 1. About 500 cases of 
gynecomastia were seen in males after 
severe, prolonged malnutrition. It ap- 
peared many months after the onset of 
any of several deficiency diseases, while 
there was a relative increase in diet, 

2. There appears to be a relationship 
between endocrine balance and adequate 
vitamin intake. 

3. Transitory hypertension may be fur- 
ther evidence of this relationship. 


* These capsules were vita-kaps, each containing Vitamin A, 5000 U.S.P. units; Vitamin D, 
500 U.S.P. units: Vitamin Bi (thiamine), 333 U.S.P. units (1 mg.); Vitamin C, 600 U.S.P. units 
(30 mg.) ; Vitamin G (riboflavin) 2 mg. 
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Keview of key publications''^"*'®'® deal- 
ing with various aspects of persistent 
patency of ductus arteriosus reveals no 
essential concern with the effect of this 
congenital vascular lesion on body growtli. 

Evaluation of the effect of any one factor 
on body growth' is difficult because of the 
complexity of growtli influences in general, 
but the problem is to a degree simplified 
by the nature of the physiologic disturb- 
ances concerned in patency of a ductus 
arteriosus. Most if not all elements influ- 
encing growth are transported to the 
tissues of the body through the blood 
stream. It is reasonable to infer that a 
lessening of the quantity of blood reaching 
the tissues, or a reduced concentration in 
the blood of growth promoting elements, 
will influence the rate of body growth. 
And if one or both influences persist 
through the growth period, stunting will 
result. 

The degree of patency' and the conse- 
quent dynamic alteration of the circulation 
varies greatly in magnitude. The shunt of 
blood from the aorta to the pulmonary 
artery may vary from a few cc. to 70%" 
or more of the output of the left ventricle. 
Manifestly in many patients the normal 
quantity of blood delivered to the left 
ventricle by the right ventricle is shunted 
from the aorta so that physiologically 
sufficient quantities do not perfuse the 
body tissues; the deficit depending upon 
the size of the patency and the capacity of 
compensating mechanisms. 

One is rarely impressed with the small- 
ness (height and weight) of many patients 
who have patent ductus arteriosus until 
he observes them in very striking contrast 
of body size with their parents, brothers, 
sisters, and children. 

This study is concerned with 3 patients. 


The charts are designed to show the con- 
trasting physical size, height, weight, and 
body surface area in square meters. No 
factor other than the patent ductus could 
be found to account for the smallness of 
each of the 3 patients, and when the ductus 
was successfully closed in one, he out- 
stripped his twin in height in less than 
3 yeais. 

Case 1. (Fig. 1) a female, aged 23, had 
a ductus 1 cm. in diameter at operative 
ligation. This patient had gross cardiac 
enlargement and earlj’- congestive failure. 
She was considerably shorter and less 
heavy than her parents, brother, and 
sisters. 

Case 2. (Fig. 2) a mother, aged 34, is 
considerably shorter and less heavy than 
her parents, brothers, sisters, and her own 
child, aged 15. 

Case 3. (Fig. 3) one of identical male 
twins, aged 11, the other normal. The 
one with a gross patency was both shorter 
and lighter than his t'win; 35 months after 
surgical cure, he had grown 16.4 cm. which 
■was 6.1 cm. more than the gro-wtli of the 
normal t'win. 

Discussion. At the beginning it was 
admitted that the evaluation of growth 
inhibiting factors is difficult, yet a study 
of the charts is convincing that a factor 
did exist in tliese patients which inhibited 
the anticipated genetic growth influences. 

All 3 of the patients enjoyed good home 
environments, had no peculiar food habits, 
and economically ■were in the upper strata 
of society. 

They had each been peculiarly free from 
infections and from a phj'sical standpoint 
were normal e.xcept for bodj’ size and the 
cardiovascular defect. 

None of the patients were interested in 
sports requiring physical activity. They 


" Presented at the 59th Meeting of the Association of .American Physicians. Maj’ 1940. 
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stated that they simply did not enjoy such 
exertion; however it is more likely that 
they had been inhibited by physical limi- 
tations. Non-participation in sports is not 
a logical explanation for the stunting of 
growth. 

In this connection it is interesting to 
comment on the twins. Before operation 
the twin with the patent ductus took little 
exercise. Since his recovery he has become 
even more active physically than his 
normal twin brother. This may be an 
explanation for the fact that his weight 
has not kept pace with the gro^vth in 
height. Skeletal groT\'th, after all, is much 
more significant in a youth of the patient’s 
age than the accumulation of fatty tissue. 

Pinally it must be emphasized that if a 
patent ductus arteriosus retards body 
growth its effects will be clinically im- 
pressive only in those patients in whom the 
circulatory shunt is of considerable mag- 
nitude. Even in these patients compen- 
satory adjustments may in some instance 


so nullify the effects that growth is norma! 
It is doubtful therefore, if there is an abso- 
lute ratio existing between the size of the 
patent ductus and the consequent growth 
inhibition for the complexities of biological 
results cannot be predicted by mathemat- 
ical equations. 

Summary. The charts show these pa- 
tients to have been definitely influenced by 
some factor resulting in positive inhibition 
of body growth. The only apparent and 
consistent influence is that of patent duc- 
tus arteriosus, presumably due to the 
lessening of the normal supply of blood to 
the body tissues. 

The rapid increase in height observed 
in the twin after operative closure of a 
patent ductvs is impressive and con- 
xdncing. 

In many patients the growth inhibiting 
factor is an added reason for surgical liga- 
tion of a patent ductus arteriosus 

The optimum period for operation is 
probably before the age of 11 years. 
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HEBERDEN’S NODES 

VI The Effect of Nerve Injury Upon the formation of Degenerative 

JOINT DISEASE of THE FINGERS 
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CLEVELAND, OHIO 

(From the Departments of Medicine and Neurology of Western Reserve University Medical School 
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Heberden’s nodes are enlargements of 
the terminal interphalangeal joints of the 
fingers due to degenerative joint disease. 
Although the process always starts in one 
finger it soon spreads to others until 
several fingers of both hands are affected. 
It is the purpose of this presentation to 
describe a series of cases in which Heber- 
den’s nodes failed to appear in one hand 
which was the site of serious trophic 
nerve disorder although deformities had 
developed to a severe degree on the 
healthy or non-paralyzed side. 

Isolated nodes occurring in a single 
finger, the result of direct injury and 
most often seen in males, do not spread 
to uninjured digits and are not to be con- 
fused witli the so-called idiopathic Heber- 
den’s nodes with which the present dis- 
cussion is particularly concei-ned. Former 
studies indicate that the formation of 
idiopathic Heberden’s nodes is influenced 
by se.x, age and race, being most common 
in white women after the age of the 
menopause.® The most important factor 
so far recognized in etiology is heredity.®-^® 
The hereditary influence was indicated 
by observing that the mothei's of affected 
women were in\mlved twice and the sisters 
3 times as often as women in the general 
population. TJie distribution of involve- 
ment among family pedigrees together 
witli gene frequency analysis supported 
the hypothesis tliat tlie genetic mechan- 
ism of idiopatliic Heberden’s nodes in- 
volves a single autosomal gene, sex influ- 
enced, dominant in females and recessive 
in males. 

.•VUhough susceptibility to this condi- 


tion depends upon genetic and constitu- 
tional factors, clinical evidence indicates 
that Heberden’s nodes develop only in a 
hand which has an intact nerve supply, 
which functions normally and in which 
the tissues are not subject to trophic dis- 
order. The lesion fails to develop or is 
retarded in its progress in the presence of 
either peripheral nerve damage, spinal 
cord disease or palsies of cerebral origin. 
This fact is demonstrated by 3 cases we 
have observed and are describing here- 
with and by 9 cases described in the 
literatime and by personal communica- 
tions. The first case is one of a woman 
with a peripheral nerve lesion. 

Case Abstracts. Case 1. Mrs. E. V., a 
.53 year old white woman, was first observed 
in 1939 because of enlargements of the 
finger joints. There was no history of joint 
disease in the parents. The patient was 
the fourth of 8 children, 5 of whom are 
living. The oldest sister, age 61, reported 
by correspondence that her right forefinger 
became enlarged 4 years before and that the 
joints of all the fingers of the right hand 
and the forefinger of the left hand are now 
enlarged. Another sister, age 56, reported 
Ijy correspondence an enlargement of several 
fingers of 2 years duration. 

Past History. There were no serious ill- 
nesses or major operations. At the age of 
41, 12 years ago, the patient sustained a 
deep laceration from a broken milk bottle 
in the left palm through the thenar emin- 
ence resulting in a paralysis of the index 
and middle fingers and a partial paralysis 
of the thumb, ring and little fingers. The 
menses stopped at the age of 50 years. 
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since wJiiclj tijne slie lias had frequent hot 
flashes. 

Present Illness. In the right or uninjured 
hand the forefinger began to enlarge at 
the age of 50, 3 years ago, since which time 
all the other fingers of the same hand became 
similarlj' involved. The enlargement of the 
joints which were originallj'^ involved con- 
tinues to increase but at no time has there 
been anj-^ pain or serious discomfort. In 
contrast onlj'' the little finger of the lacerated 
hand developed joint enlargement, the other 
fingers ha\dng escaped this involvement. 
Disease of other joints, particularly of the 
large articulations, has not been demon- 
strated. 


was obidouslj' an injury to the median nerve, 
shows striking differences from the above 
Instead of the typical bulbous appearance 
of Heberden’s nodes, the inde.x and middle 
fingere of this hand are thinner, have a 
tapering appearance and seem to be actu- 
all3' longer than their mates. The skin is 
thin, glossj" and relativel}’^ free of wrinkles 
The index finger shows a flexion deformity 
of the proxhnal finger joint, while the mid- 
dle finger is stiffened and straight. The 
flexion deforinitj'- of the terminal joint of 
the ring finger can be corrected bj' passive 
motion. 

A neurologic study' of this injured hand 
indicates that the laceration resulted in a 



Fig. 1 — Mrs. E. V. Right hand shows enlargement of the terminal joints of the indev and little 
fingers. In the left hand, the index and middle fingers are thin and tapering. Skin on these fingers 
is thin, glossy and free of wrinkles. The index finger shows a flexion deformity of the proximal joint 
while the middle finger is stiffened and straight. The median nerve of the left hand was injured by a 
laceration 12 years before. 


Physical Examination. In the right hand 
where no nerve injury' occurred, the terminal 
joints of the fingers are enlarged (Fig. 1). 
This is particularly prominent in the index 
and little fingers both of which are further 
deformed by delation. The normal vTink- 
ling of the skin is clearly' marked, especially' 
over the proximal interphalangeal joints. 
There is no sign of motor weakness and the 
patient can make a tight fist with a normal 
closure. 

In contrast, the left hand in which there 


section of the distal sensory and motor 
branches of the median nerve. There is 
marked atrophy' of the thenar muscles. 
The thumb fails to oppose or flex fully' in the 
closure of the fist. Complete active flexion 
of the index and middle fingers is impossible 
because of paraly'sis of the first and second 
lumbricals. Anesthesia or hy'poesthesia is 
present along the entire palmar surface of 
the middle finger and over the distal one- 
third of the index finger. 
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Roentgen Rag Studies. In the right or 
uninjured hand there is a marked lateral 
enlargement of the 'proximal endjof each 
distal phalanx with apparent shortening of 
this bone (Fig. 2). The distal end of each 
second phalanx shows a bulbous enlarge- 
ment involving the tenninal third of its 
length most marked in the index finger. 
Joint surfaces are not distorted. There is a 
very small spur on the ulnar side of tlie 
proximal end of the fifth terminal phalanx. 
Other joints of the right hand are appar- 
ently normal. 
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evident in the ring and little fingers whose 
nerve supply is predominantly from the 
ulnar trunk. 

Case Summary. A patient, 53 years old, 
rvho had a hereditary predisposition to 
Heberden’s nodes, suffered a median nerve 
injury of the left hand 6 years before the 
actual appearance of such nodes. In the 
area ordinarily supplied by the injured 
median nerve the skin suffered trophic 
changes and Heberden’s nodes failed to 



l''iG. 2.— Mrs. E.V’. Roentgenogram of the fingers of the right hand shotr marked Jateral enlarge- 
ment of the pioximat end of eacli distal phalanx with apparent shortening of this bone. TJie distal 
end of the second jjhalans shows a bulbous cnlaigcment involring the terminal third of its length most 
marked in the index finger. Joint surfaces are not distorted. Tlicre is a verj* small spur on the ulnai 
vide of the pioximal end of the fifth terminal phalanx. 

Rociitgcnogiam of the left or iniured hand leveal maiked demineralization of the index and middle 
fmgeis being most prominent in the middle and terminal phalanges of these two fingers where the 
ovoi lying tissues aic .supplied exclusively by tlie sensorj* branches of the median nerve. Fle.xion do- 
fonnity, a non-compact bone structuie and bulbous enlargement of the terminal joints, signs of mild 
Ileboideu’s nodes, arc evident in the ring and little fingor.s who=G nerve supply is predommantiy from 
the tilnar nerve. 


Koentgen ray studies of the left or injured 
hand reveal a marked demineralization of 
the index and middle fingers. This demin- 
eralization is .sliarply limited, being most 
prominent in the middle and terminal 
(thalangcs of these two fingers, where the 
overlying tissues arc supplied exclvisively 
by the sensory branches of the defective 
median nerve. Flexion deformity, a non- 
eoinpact bone structure atid a bulbous en- 
largement of the terminal finger joints, the 
siens of mild Ileborden's nodes, are clearlv 


develop in those bones which derived sen- 
sory nerve filaments from the injured 
nerve alone. Nodes did, however, appear 
in the index and little finger of the unin- 
jured hand and were apparent in the ring 
and fiftli finger of the lacerated hand. De- 
mineralization and failure of node forma- 
tion was not so pronounced in phalanges 
which have a double nerve supply, f. e., 
wliere tlie radial or ulnar nerves overlap 
the median nerve distribution. This sug- 
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gests that trophic bone disease depends 
largely upon damage to the sensory nerve 
supply to the joints and to the periosteum 
as well as to modification of blood supply. 

McEwen^ mentioned 3 patients with 
unilateral Heberden’s nodes. In the hand 
where they did not occur there had been 
peripheral nerve injuries with obvious 
trophic changes in the skin. In 1 of 
these patients, 3 fingers were useful and 
2 were paralyzed in the injured hand. 
There were marked Heberden’s nodes on 
the intact hand, moderate formations on 
the functioning fingers of the injured hand 
but no sign of nodes on the paralj'zed 
fingers. 

The second case is one of a woman with 
a lesion of the spinal cord. 

Case 2. Mrs. L. M., a G8 year old white 
woman was first seen in 1939 because of 
pain in the right shoulder. Family histor 3 ' 
revealed no record of joint disease except 
in the patient’s eldest daughter, age 44, 
who was found on examination to have 
well-marked enlargements of the terminal 
joints of aU the fingers except the thumbs 
diagnosed as idiopathic Heberden’s nodes. 

The 'past history revealed infantile paralysis 
in early childhood which affected the right 
arm lea^dng it smaller and weaker than the 
left but with no definite paralysis of an}’’ 
one muscle group. 

Present illness began 6 years before at the 
age of 62 with enlargement of the terminal 
phalanx of the left forefinger. The left 
little finger became involved only within 
the last year. Neither of these deformities 
could be attributed to local traiuna. 

Shortly after these enlargements were 
first noted on the left hand, at age 65, the 
patient sustained a trivial injur}^ to the 
right elbow, which was followed shortly bj’’ 
pain and stiffness of the right shoulder. The 
shoulder was later found to be ankylosed 
and consequently was manipulated under 
anesthesia. This procedure was followed 
bj' immobilization in abduction for several 
days. Two months later when she was 
examined, the right arm and hand were 
painful and useless. The pain and swelling 
were so severe that an erroneous diagnosis 
of gonorrheal arthritis had been made. The 
hand was swollen, the skin was shinj^, cj*an- 


otic, cold and mottled in appearance. The 
wrist was fixed in partial flexion, the fingers 
were extended and passive motion was 
greatly restricted and painful. The sensorj- 
findings consisted of an hypoesthesia in the 
fields of the median and ulnar nerves. The 
motor and sensory defects suggested a mild 
combined palsj' of the median and ulnar 
nerves. 

Roentgenograms taken at the time of her 
first visit showed marked demineralization 
and other features t 3 "pical of Sudeck’s bone 
atroph 3 ' in the injured hand and arm. Defi- 
nite deformity of the left forefinger due to 
earb’^ Heberden’s nodes was seen at this 
time. The median and ulnar nerve paralysis 
was vigorously treated with heat, massage, 
active and passive e.xercise, so that both 
right arm and hand have regained their 
former degree of limited function. 

Photograph of the hands taken 27 months 
after her first wsit show’s the right or 
atrophied hand to be the same length but 
definiteb’ more slender than the left. The 
skin of the partialb’* paralyzed hand is 
thinner, tighter and show’s a marked loss of 
w’rinkling as compared to the left. The 
terminal interphalangeal joints of the once 
paralyzed hand are quite small, giving the 
fingers an appearance of constriction. In 
contrast the forefinger of the left or nor- 
mall 3 ’ developed hand show’s enlargement, 
flexion and ulnar deviation of the terminal 
joint and normal skin w’rinkling. The 
middle finger, as w’ell as the little finger, 
presents the same bulbous deformities and 
only the ring finger of the uninjured left 
hand appears to have escaped the joint 
deformities characteristic of Heberden’s 
nodes. 

Reexamination 6 3 ’ears later, at age 73, 
shows the right or partiall 3 ’ paralyzed hand 
to be essentialb’ unchanged in appearance 
or function. The left or arthritic hand 
(Fig. 3) shows increased enlargement of all 
the terminal joints. There are enlarge- 
ments and lateral deviation of the index, 
middle and little fingers and enlargemenf 
of the ring finger. 

Roentgen ray studies of both hands taken 
at the time of the first visit, 27 months 
later and finally in 1946, 9 3 'ears after the 
first- -visit all show’ marked generalized de- 
mineralization throughout the entire bon 3 ' 
structure of the palsied hand. The joint 
surfaces are ever3’W’here smooth and regular 
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and the joint spaces are of normal width. 
Little or no change is seen in this hand dur- 
ing the period of observation. 

Roentgenograms of the left, the unpara- 
lyzed or arthritic hand at the time of the 
first %dsit, showed arthritic deformity in the 
terminal joints of the index and little finger. 
The other fingers were apparently not 
affected. At the time of the last visit, 
6 3 'ears later (Fig. 4), the terminal joints of 
all four fingers show decrease or obliteration 
of joint space, marked irregularit}'^ of joint 
line, broadening with spur formation of the 
proximal end of the terminal phalanges and 
bulbous enlargement of the distal portion 
of the second phalanges. The other joints 
of this arthritic hand are normal. 


and swelling with Sudek’s bone atrophj 
of the entire right arm. Even at that 
time, however, definite joint deformity of 
the left forefinger of the other hand was 
apparent by Roentgen ray. The pre- 
existing infantile paralysis with conse- 
quence trophic bone disturbance undoubt- 
edly prevented the formation of Heber- 
den’s nodes. Nine ymars after her periph- 
eral nerve injury there was still no 
evidence of Heberden’s nodes on the right 
hand. Heberden’s nodes on the left hand 
became larger during this period of ob- 
servation. 

Hench® described an elderly^ woman 



Fig. 5.— Marked Heberden’s nodes on the fingers of the right hand only. The left hand has been 
spared. Patient had infantile paralysis in childhood resulting in partial paralysis and lack of develop- 
ment of the left hand. Photograph and case history bj"^ courtesy of Philip S. Hench, M.D., and the 
Mayo Clinic. 


Case Summary. This is a woman 68 
jmars of age when first seen whose right 
hand was imperfectly^ developed because 
of infantile paralysis in early’^ childhood. 
She had Heberden’s nodes of the other- 
wise normal left hand whose joint disease 
first appeared 6 years before. At the 
time of her first visit she had a painful 
right shoulder which had been manipu- 
lated and after which she suffered a mild 
but definite combined paresis of the right 
median and ulnar nerves, painful stiffness 


who had infantile paralysis as a child 
with resultant partial paraly^sis of 1 arm 
and hand. Despite persistent atrophy 
and arrested development of this hand, 
she had slowly' regained considerable use 
of it, so that functional recovery was 
approximately' 50%. A’ears later defi- 
nite Heberden’s nodes developed on the 
fingers of her normal hand but no evi- 
dence of them appeared on the partially 
paralyzed extremity’ (Fig. 5). Beard* re- 
ports having seen an elderly woman who 
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suffered infantile paralysis as a child 
which left her with impaired development 
and function of the left arm. She had 
marked Heberden’s nodes of all fingers of 
the right hand when first seen 10 years 
before her death. There were no Heber- 
den’s nodes of the fingers of the left hand. 

It has been observed that hemiplegia 
due to cerebral apoplexy may prevent 
the development of Heberden’s nodes, 
though they become well marked on tlie 
normal side. Forestier® described a 55 
year old woman with a right hemiplegia 
of 7 years duration who developed Heber- 
den’s nodes on all the fingers of the non- 
paralyzed hand about 8 months after her 
stroke. His communication included ex- 
cellent photographs and Roentgenograms 
of both hands. 

The same author presented a second 
woman who suffered a right hemiplegia 
due to hypertension at 59 years of age. 
For 2 years before the attack of apoplexy 
she obser\’ed nodosities on both thumbs 
and left forefinger. Since the hemiplegia, 
the degree of arthritis of the right thumb 
has remained stationary and there has 
been no extension to the other fingers of 
the paralyzed hand. However, in the 
left hand the arthritis has extended to 
the distal joints of the middle and ring 
fingers and the proximal joints of the 
second, third and fourth fingers. 

Coste and Forestier' described a 66 year 
old woman who had a right-sided hemi- 
plegia with facial paralysis and aphasia 
9 years before. She had had pain and 
deformity of the right thumb 10 years 
before the stroke. One year after the 
stroke of paralysis, the pain, swelling and 
stiffness attacked all the joints of the non- 
paralyzed hand. The process had pro- 
gressed until she presented a complete 
but unilateral picture of advanced Heber- 
den’s nodes. The right or paralyzed hand 
remained free of joint disease. 

The same authors report a man with 
hemiplegia of 10 years duration who 
developed typical advanced Heberden’s 
nodes on the sound side but little or no 


evidence of joint disease in the hand on 
the paralyzed side. 

It is seen that Heberden’s nodes have 
failed to develop in the presence of lesions 
of the peripheral nerves, spinal cord or 
upper motor neuron lesion. The question 
arises as to the effect such lesions might 
have on Hebei'den’s nodes already present. 
One such case has been observed. 

Case 3. Mrs. C. C. was first seen at the 
age of 50 with well-developed Heberden’s 
nodes on all fingers of both hands. The 
enlargements increased in size consider- 
ably over a period of 2 years. She suffered 
a cerebral accident which left her with par- 
tial paralysis of her left side. Photographs and 
Roentgenograms of both hands were made 
at the ages of 52 and 53, 15 months after 
her apoplexjf. Before the stroke both hands 
were quite similar. Photogi-aph of the left 
hand at age of 52 showed marked enlarge- 
ment of all the terminal interphalangeal 
joints with flexion deformity and de\nation 
of the index and little finger. Photographs 
of the same hand after the stroke shows 
that the enlargement of the joints have 
become much less marked, the fingers have 
become smaller and decreased in diameter, 
the skin has become tight and smooth and 
it has lost much of its normal wrinkling. 
The fingers show mild flexion deformities 

(Fig- 6)- 

Roentgenograms of both hands at age of 
52 show marked enlargement of the prox- 
imal ends of all distal phalanges and bul- 
Imus swelling of the distal ends of the 
.second phalanges. There is irregular spur 
formation. The joint surfaces are distorted 
and uneven, the joint spaces are decreased 
in width. Because of flexion deformities 
they seem to have disappeared entirely in 
})laces. Roentgenogram 15 months after the 
stroke sliows a marked demineralization 
throughout all bones of the left or parab'zed 
hand but the size, .shape and outline of 
the bones remain ab.«nlutely unchanged 
fFig. 7). 

Case iiuntman/. A 53 year old woman 
with well-developed Heberden’s nodes in 
both hands was observed before and 15 
months after a left-sided hemiplegia. A 
comjtarison of photographs and Roentgen- 
ograms «)f the hands before and after the 
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stroke show that the Heberden’s nodes 
became much less marked and prominent 
than they had been before. This apparent 
recession of the process was due entirely 
to shrinkage of the skin and subcuta- 
neous tissues because the size and con- 
tour of the bones remained unchanged, 
although marked demineralization had 
occurred. 

Discussion. The idiopathic Heberden’s 
nodes affecting multiple fingers of both 
hands occur spontaneously in susceptible 
people after middle life. It was formerly 


if the patient had been well and pursuing 
a normal life. It is now known that hard 
work or injury is not necessary to e.xplain 
the occurrence of Heberden’s nodes. 

Heberden’s nodes are typical manifes- 
tations of degenerative joint disease. The 
question arises as to whether the observa- 
tions of this study have any significance 
in relation to degenerative joint disease 
in other parts of the body. Degenerative 
joint disease usually occurs in middle or 
later life and is thought to be due to 
deficient or decreased circulation. Experi- 



Fig. 6.— Mrs. C. C. The left hand before and 15 months after her stroke. Before, there ivas marked 
enlargement of all the terminal interphalangeal joints with flexion deformity and deviation of the index 
and little fingers. After the stroke enlargement of the Joints has become less marked, the fingers are 
decreased m diameter, the skin looks tight and smooth. The fingers show mild flexion deformities. 


believed that they developed in hard- 
working people in response to exposure of 
the hands to water or to injury. With 
this thought in mind, the failure of 
Heberden’s nodes to develop in the in- 
jured or paralyzed hand was attributed 
to lack of use and exposure to injury of 
that hand. Development of the lesion 
in the functioning hand was explained as 
due to increased use. It is readily ap- 
parent that the normal hand remaining 
for use by hemiplegic patients is less ex- 
posed to injxiry than it would have been 


mental support to this theory has been 
presented by Goldhaft, Wright and Pem- 
berton.'* They produce bone proliferation 
and spur formation in the patellae of dogs 
by surrounding this bone with mattress 
sutmes, thus interfering with the circu- 
lation to this bone. The prevention of 
Heberden’s nodes described here has been 
associated with a nerve injury or a lesion 
in the central nervous system affecting 
the vasomotor mechanisms in the para- 
lyzed areas. This caused increased blood 
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> circulation to bone and resultant osteopo- 
■ rosis. 

Demineralization of bone is found in 
both upper and lower motor-neurone dis- 
ease, being diffuse in the former and 
localized in the latter. Both these types 
of nerve lesions are accompanied by 
trophic changes in the affected part. 
Such changes consist of marked altera- 


tions in skin temperature, skin color, local 
circulation, sweating and loss of normal 
skin markings. There is shrinkage of 
the limb due to atrophy of subcutaneous 
tissues, a lead pipe stiffness of the joints, 
pain on passive motion or pressure and 
fibrous ankylosis of the joints. The bones 
themselves show marked osteoporosis and 
and alteration in bone structure although 




Flo. T.— Rocntponfn-.'ims of the loft hand before the stroke show calanrement nf tho 
of all distal phalanKos and bulbous swelling of the distal ends of the second phalanges.*^ There is irregular 
pur formation. The joint surfaces are distorted and uneven, the joint spacer are dermnsed in 
Rooutgengrana after the stroke shoavs marked deminonliration of all Ivaties but the cire .shn 
outline of the l>oncs remain nnchaiiEod. 
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the joint surfaces retain their normal 
contour and normal joint space is pre- 
served. Osteoporosis occurs very early 
in response to disuse even in normal limbs 
where no trophic soft tissue changes 
oecur. The French clinicians who studied 
“hemiplegia sans arthritis” argued that 
the demineralization process, whatever its 
cause, was the factor which interfered 
with the development of joint disease.*-^ 

The osteoporosis is onlj'- one of many 
responses to vasomotor disorder in a 
paralyzed limb, de Takats^^ is • of the 
opinion that several apparently different 
entities in medical literature based on 
vasomotor disturbance are essentially 
one and the same phenomenon. He 
believes, therefore, that Weir Mitchell’s 
causalgia, Sudek’s atrophy, Leriche’s post- 
traumatic painful osteoporosis, the periph- 
eral trophoneuroses of Zur Verth and the 
chronic traumatic edema of Klassen are 
slightly different manifestations of a 
fundamental vasomotor irritability due to 
damage either to peripheral nerves, spinal 
cord or cerebral centers. He conceives of 
3 stages in this morbid process: (a) An 
acute painful phase during which the 
limb is warm and dry and is sensitive to 
jarring, air currents and emotional upsets. 
The subcutaneous and periarticular spaces 
are edematous, muscles are spastic and 
oseillometric curves indicate increased 
circulation. Osteoporosis onlj’- appears 
after 4 or 6 weeks of such hyperemia. 
(b) A second stage when the part is not 
so warm, and actually may become hard, 
cyanotic and cold to touch; the joints are 
stiff and spotty atrophj" of bone becomes 
evident, ^(c) A final stage of general 
atrophy of skin, muscle and bone with 
ankylosis. 

de Takats is further of the opinion 
that the offending vasodilatation cannot 
be due to sympathetic efferent fibers and 
attributes the peculiar, painful and trophic 
disorders to an irritation of the so-called 
nocisensor fibers of Lewis® in the poste- 
rior root system which are capable of 
seereting a pain substance at their distal 
termination.s. It is further assumed that 


such irritation can occur at any of the 
3 sensory levels of the nervous sj'stem 
and therefore trophoneuroses and bone 
atrophy can be found in peripheral nerve 
injury, poliomyelitis and cerebral throm- 
bosis. This assumption appears to have 
adequate support in these case presenta- 
tions where osteoporosis and a concomi- 
tant failure of development of Heberden’s 
nodes was found in lesions of nerve trunks, 
tlie spinal cord and the gray and white 
matter of the cerebrum. 

The trophic disturbances described 
above following identifiable injury to the 
central nervous system led to increased 
circulation to the limb, demineralization 
of bone and protection against the devel- 
opment of Heberden’s nodes. These con- 
ditions must be clearly differentiated 
from other trophic disturbances of bone 
leading to neurogenic artliropathy or 
Charcot’s joint. In the latter instance 
the lesion causes a loss of deep pain sense 
plus an associated hypotonia of the mus- 
cles manipulating the joints. Use of such 
a hypotonic limb unprotected by pain 
sense causes serious tissue trauma. It is 
not clear why such a set of circumstances 
results in marked bone proliferation, bone 
destruction and foreign body formation 
in and about the joint. There is no gen- 
eralized osteoporosis as invariably oc- 
curred in the previous conditions. 

Summary. Idiopatliie Heberden’s nodes 
(common manifestations of degenerative 
joint disease) usually involve fingers 
bilaterally. Nerve injuries of different 
types may interfere with their develop- 
ment. Three cases of our own are de- 
scribed and 9 cases from the literature 
are discussed. It was found that periph- 
eral nerve injurj\ infantile paralysis and 
stroke prev^ented the development of 
Heberden’s nodes in affected fingers, 
though they developed to an advanced 
degree on the unaffected hand. Such 
nerv'e lesions invariablj’^ caused osteopo- 
rosis which was presumably due to in- 
creased blood circulation. Once Heber- 
den’s nodes are established, subseijuent 
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cerebral apoplexy causes an apparent re- venting the formation of Heberden’s nodes 
gression of the nodes due to slirinkage of must be differentiated from another type 
soft tissues without alteration in the con- of trophic disturbance leading to neuro- 
" tour of the bones. Trophic disease pre- genic arthropathy or Charcot’s joints. 
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In an earlier publication, Pendergrass, 
Hodes and Griffith^ described a bioassay 
method for detecting an antidiuretic sub- 
stance in human serum. They considered 
that this substance originated, in all proba- 
bility, in the pituitary gland and could 
therefore be regarded as evidence of in- 
creased pituitary activity. Irradiation of 
the pituitary was carried out in a number 
of patients who had evidence of such in- 
creased activity and, in addition, clinical 
conditions which might be the result of 
such increased activity. In this group 
there were 31 patients with arterial hyper- 
tension, 24 of whom had an adequate 
follow-up. Five patients showed definite 
improvement in blood pressure and symp- 
toms, 8 showed subjective improvement 
only, and 11 were not benefited. In the 
present study a larger number of hyper- 
tensive patients were studied, treated and 
followed for a longer period. Also, certain 
additional data have been collected with 
the intention of improving selection of 
such patients. 

The historical aspects of pituitary ir- 
radiation have been reviewed previously.* 
Certain additional points, however, should 
be stressed: (1) In clinical hypertension 
due to increased activity of the pituitary 
gland, it is probably the excessive secre- 
tion of the pressor hormone that is at 
fault. Moreover, the pressor hormone is 
usually, and perhaps always, associated 
with the antidiuretic hormone. While 


there is no satisfactory bioassay method 
for the pressor hormone, one for the anti- 
diuretic hormone is available. For clini- 
cal purposes, therefore, it may be assumed 
that subjects with hypertension who show 
increased production of antidiuretic hor- 
mone also have an excess of pressor hor- 
mone, If such is not always the case, 
it may supply one reason why pituitary 
irradiation is not always effective. On 
the other hand, there is ample evidence 
that antidiuretic hormone may be present 
without pressor hormone, or, at least, 
some individuals with positive bioassays 
for antidiuretic hormone have perfectly 
normal blood pressure, as witness patients 
with premenstrual edema.* (2) Anti- 
diuretic substance may be present in the 
serum of a man or animal without the 
subject showing antidiuresis after water 
ingestion. The explanation for this is un- 
certain, but it may depend upon the 
development of a refractory state or the 
production of an opposing diuretic sub- 
stance, as previously considered by Grif- 
fith, Kimbrough, Corbit and Roberts.' 
(3) Antidiuretic substance may originate 
elsewhere than in the pituitary, as de- 
scribed by W'^alker.® However, when the 
antidiuretic substance disappears from 
the serum of patients 1 to 2 months after 
pituitary irradiation, it appears likely that 
it can be regarded as being of pituitary 
origin. 


* Except lor an occasional revision, this material was presented in the Scientific Exhibit, ...eptembcr 
1944, of the American Roentgen Ray Society and the Radiological Society of North .Amcnca, Inc., 
where it received the first award. 

t Atwater Kent Fellow in Medicine. ^ 
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Material and Methods of Study. All pa- 
tients treated were adults suffering from 
arterial hypertension. In all, 142 subjects 
received roentgen therapy, 62 males and 
80 females. However, adequate follow-up 
was secured on only 93 patients, and only 
these appear in the charts. The follow-up 
period ranged from 3 to 56 months, averag- 
ing 16 months. The few patients with the 
short follow-up period of only a few months 
invariably represented very ill patients 
whose results following therapy were poor 
and who could not return for later studies. 
If all patients with a follow-up period of 
less than 6 months had been eliminated, 
however, the results of therapy would have 
appeared better than they were. As for- 
age, the middle decades are best represented, 
47% of the women being between the ages 
of 40 and 50, and 44% of the men between 
50 and 60 

Methods of Study. 1. Bioassay for anti- 
diuretic hormone in serum. This was ini- 
tially positive in all cases that were treated, 
and was the primary basis for selection. 
The technique is unchanged from that pre- 
viously described.! Bioassays were repeated 
at monthly intervals for 3 months after 
irradiation and thereafter, when possible, 
every 3 to 6 mohths. 

2. Roentgenograms of the pituitary fossa, 
in most cases. 

3. In some cases, bioassay for gonado- 
tropic hormone, presumably originating in 
the anterior lobe of the pituitary, at the 
level of 330 m.u. per 100 cc. of serum, by 
the mouse method of Rakoff.-* 

4. Measurement of renal function, in most 
cases, by the plasma creatinine method of 
Steinitz and Turkand.^’ 

5. Measurement of cutaneous lymphatic 
flow, in most cases, by the patent blue 
method of McMaster.® This was selected 
because in the rat increased flow can be 
demonstrated by this method following the 
ingestion of water and the administration of 
an antidiuretic dose of pitressin. 

6. Measurement of cutaneous capiUarj^ re- 
activity bj’- direct observation under the 
capillary microscope, by the method describ- 
ed bj’' Griffith, Roberts and Corbit.'^ 

7. Roentgen study of the urinarj’’ tract 
with the aid of diodrast or neo-iopax. This 
study is suggested because one can obtain 
additional e^^dence about indi^^dual kidnej’’ 
function. Likewise silent stones and unsus- 
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pected kidne}’- lesions of significance occa- 
sionallj" are found. 

Technique of Roentgen Therapy. Since the 
previous publication, the tendency has been 
to use larger doses. l^Tiile it will be seen in 
Table 4 that doses have been used varying 
from less than 1000 to 2000 R in air, and 
some good results have been achieved with 
low doses, the higher dose is preferred and 
49 of the 93 cases here reported were treated 
by it. The factors used at the present time 
are: kilo voltage, 200; milliamperage, 15; 
filtration, 0.5 mm. Cu plus 1 mm. A1 added; 
half-value layer, 1 mm. Cu; type of machine, 
constant potential, oil-cooled; roentgens per 
min., 68.7; target-skin distance, 50 cm.; 
number of portals, 2; size of portals, 9 cm. 
diameter; site of portals, lateral temporal, 
directed at the pituitary fossa; daily ex- 
posure, 50 to 200 roentgens to 1 portal; 
time of administration, 12 days; total ex- 
posure, 2 X 1000 roentgens in air. 

Results. It will be seen in Tables 1, 2 
and 3 that slightly less than half the 
patients treated had a significant lowering 
of blood pressure, and slightly more than 
half showed appreciable clinical improve- 
ment. There is a good correlation be- 
tween treatment and change in systolic 
and diastolic blood pressure, and between 
change in blood pressure and clinical im- 
provement. The material is further 
broken up into 9 groups as shown in 
Table 4, where the best results are indi- 
cated in the columns on the left and the 
worst in the right-hand columns. How- 
ever, it should be noted that in the ninth 
group only can one be certain that no 
benefit was obtained, and it is this group 
that deserves further analysis so that such 
cases in the future would be either not 
treated, or treated diflferently. It is ap- 
parent from the upper part of the table 
that the principal finding, associated with 
failure of therapy, is failure of the bio- 
assay for antidiuretic hormone to become 
negative. This might suggest incorrect 
diagnosis except that it occurs less fre- 
quently when larger doses of irradiation 
are given, and, recently, we have under- 
taken a second similar course of irradia- 
tion within 3 months of the first course, if. 
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Table 1,— Effect of Pituitary Irradiation Upon Blood Pressure 

(a) Systolic Blood PressuTes Before Irradiation 


Systolic Blood Pressure 
After Irradiation ^ 

Over 250 
200-250 
170-200 

Over 250 

4 

1 

200-250 

24 

11 

170-200 

16 

150-170 Below 150 

1 

150-170 

, , 

(7) 

S 

5 

j 

Below 160 


(11) 

(6) 

0 

Diastolic Blood Pressure 
After Irradiation 

f Over 140 
*120-140 
110-120 

(6) Diastolic Blood Pressure Before Irradiation 

Over 140 120-140 110-120 100-110 Below 100 

14 

1 20 

G 11 


1 100-110 

(1) 

(5) 

6 

c 


[ Below 100 

. . 

(10) 

(9) 

(4) 


Numbers refer to number of patients. Those in parentheses are thought to show good results and 
those italicized fair results. 

Table 2.— Correlation Between Change in Systolic and in Diastolic Blood Pressure 

Following Pituitary Irradiation 



Systolic Blood Pressure Change 


Good 

Fair 

No change 

! Good 

21 

7 

1 

Diastolic Blood Pressure Change ■{ Fair 

1 

12 


( No change 

2 

1 

48 


Table 3,— Correlation Between Change in Systolic Blood Pressure and 

Clinical Improvemenj* 


Clinical 

Improvement 


Definitely good 
Probably good . 
No change . 


Systolic Blood Pressure Change 


Good 

Fair 

No change 

17 

7 

6 

6 

10 

12 

1 

3 

31 


Table 4. — Factors Influencing the Response to Pituitary Irradiation in Hypertension 


Group No.: 

After treatment, bioassay antidiuretic hormone became 

Negative 

remained 

Positive . 

Before treatment, bioassay for gonadotropic hormone 
at 330 m.u.: 

Negative 

Positive 

Before treatment renal function: 

Normal 

Abnormal 

Before treatment cutaneous capillary reactions: 

Normal 

Abnormal 

Before treatment cutaneous IjTuphatic Sow: 

Normal 

Abnormal 

Roentgen dosage: 

2000 R or more 

1500-1990 R 

1000-1490 R 

Under 1000 R 

“Selected” cases: 

(а) Renal function normal, gonadotropic hormone 

absent 

(б) As (o) but only cases where AD became nega- 

tive after treatment 
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after that interval, the test for antidiuretic 
hormone remains positive. 

It is apparent also, in Table 4, that 
persons with renal failure, or with a high 
titer for gonadotropic hormone in the 
serum, are apt to do badly after irradia- 
tion. While there appears to be a ten- 
dency for patients with normal capillary 
reactions to do better than those with 
abnormal reactions, and for those with 
increased cutaneous lymphatic flow to do 
better than those with normal flow, the 
tendency is not sufficiently marked to be 
useful in selection. The last section of 
Table 4, under (a), shows that by selec- 
tion of patients on the basis of a positive 
bioassay for antidiuretic hormone, normal 
renal function, and a normally absent bio- 
assay for gonadotropic hormone, one 
should reduce the group of complete fail- 
ures (Group 9) to 38 %, and if one further 
eliminates the group given an insufficient 
amount of irradiation (which is the best 
explanation for the group where the bio- 
assay does not become negative) the group 
of complete failures (b) would appear to 
be only 16 %, based upon the small series 
that remain. 

The pituitary fossa was enlarged in 
7 of 28 cases. This did not seem to bear 
any relationship to the result of therapy. 
Where the fossa was enlarged, a pituitary 
tumor was suspected and in certain in- 
stances, the roentgen ray dosage was 
increased. 

Complications of therapy, except for 
the routine hair loss, did not occur in 
subjects who did not have papilledema. 
However, 5 patients with papilledema 
were treated, and 3 of the 5 showed a fairly 
characteristic reaction. About 6 hours 
after the first treatment a severe headache 
would develop, and this, in a few hours, 
would be followed by stupor, or delirium, 
finally coma and comnilsions, from which 
the patient could be partially aroused by 
lumbar puncture with vdthdrawal of fluid 
to relieve pressure, and by hypertonic glu- 
cose given intravenously. The following 
morning the patient would appear to be 
quite normal and usually had no clear 


recollection of the previous evening. Ir- 
radiation was continued, cautiously, and 
subsequent reactions did not occur. This 
crisis is thought to be due to a choroid 
plexus hyperemia, •with increased forma- 
tion of cerebrospinal fluid. It is, there- 
fore, important that all patients who 
present papilledema be hospitalized dur- 
ing treatment. Since none of our patients 
with papilledema has sho'wn a complete 
recovery after roentgen therapy, its rou- 
tine use under these circumstances is not 
recommended; however, 1 woman did have 
a remission in which her papilledema sub- 
sided, the symptoms cleared and, although 
her blood pressure did not reach normal, 
she was much improved and able to do the 
work for her large family for 5 years, or 
until 6 months before her death in uremia. 

Follo'wing irradiation, there has been 
no evidence of hypopituitarism. Electro- 
encephalographic studies were carried out 
in 12 patients who had received a total 
roentgen dosage ranging from 430 to 
4760 R. Those patients given more than 
2000 R had received more than 1 course 
of roentgen therapy but no e'vidence of 
damage to brain tissue was found. 

Relapses occurred 13 times in 10 pa- 
tients, varying from 6 months to 4 years 
after irradiation, averaging 18 months. 
Eight patients were given 2 courses of 
treatment, and 1 patient was given 3. 

Summary and Conclusions. Pituitary 
irradiation as a treatment for high blood 
pressure was given to 142 patients -without 
untoward effect, although 3 persons -with 
papilledema showed severe acute but 
transient reactions indicating increased 
intracranial pressure. Only 93 patients 
•were adequately followed for a period 
varying from 3 to 56 months, averaging 
16 months. About half of these persons 
showed improvement in blood pressure 
and clinical condition. All of these indi- 
viduals were selected on the basis of a 
positive test for antidiuretic hormone in 
the serum. From a consideration of other 
studies and of the results of varying roent- 
gen dosage, it is concluded that the chance 
of benefit from radiation therapy to the 
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pituitary in hypertension should be at 
least 75% if cases are selected according 
to the following criteria: (1) Positive bio- 
assay for antidiuretic hormone in serum. 
(2) A roentgen dosage of 1000 R delivered 
into the hypophysis (2000 R in air), to be 
repeated in 3 months if the test for anti- 
diuretic hormone in serum has not become 
negative in that time. (3) A negative bio- 
assay for gonadotropic hormone in serum, 
at the level of 330 m.u. per 100 cc. of serum. 
(4) A normal renal function as shown by 
a plasma creatinine, by the method of 
Steinitz and Turkand, of 1 mg. % or less. 
(Presumably a test of urea clearance would 
be equally satisfactory.) (5) Good clear- 
ance of injected dye from each kidney as 
shovm by urography. 

Case Reports. Case 1. Patient, an ap- 
parently healthy white male, was first seen 
Feb. 26, 1941. He was 23 years old, and 
about a 3 '-ear preidously his school ph 5 "sician 
had discovered his systolic blood pressure 
was 175. Several similar readings had been 
obtained. Physical examination was essen- 
tiall}’’ negative except for the blood pressure 
which, after a week in bed, was 165/100. 
The usual laborator}" studies, including tests 
for kidney function and urogram, were en- 
tirely negative. Bioassay for antidiuretic 
hormone was positive on 2 occasions. Ac- 
cordingty, he was given a course of irradia- 
tion to the pituitarj" from Septembers to 11: 
5 cm. portals to temporal areas; 710 R (in 
air) to left temporal portal; 790 R (in air) to 
right temporal portal. Thereafter, he re- 
turned to school, and a report from his 
physician, October 20, stated that his blood 
pressure was no more than 150/95. On 
December 26, bioassay for antidiuretic hor- 
mone was entirely negative. Thereafter, 
blood pressure remained about 140/90, and 
in hlarch 1944 he entered the armj’’, with 
a systolic blood pressure recorded as 135. 
He had no difficulty in carrjdng out fairty 
rigorous duties for the next 2 j^ears, and 
blood pressure was found nithin normal 
limits whenever tested. His own phj^sician 
found a blood pressure of 126/80 shortly 
after his discharge, in May 1946. The 
army records included a description of an 
examination in 1940 when he had applied 
for reserve officers training in connection 


with his college program and had been 
rejected with a blood pressure of 175. .tt 
the separation center the medical officer 
insisted that some error had been made in 
confusing the records of 2 different men. 

Case 2. Patient, a white male 37 years 
of age, was first seen March 3, 1941. For 
1-i- years his family physician had found Ins 
blood pressure ranging about 180/120. How- 
ever, after several days in the hospital, it 
fell to 155/100. Phy^sical examination was 
otherv'ise essentially negative, and the usual 
laboratory studies were normal. Bioassay 
for antidiuretic hormone, however, was posi- 
tive, and patient was given a course of 
pituitary irradiation from March 7 to 15; 
5 cm, portals to temporal areas; 695 R (in 
air) to left temporal portal; 805 R (in air) to 
right temporal portal. 

Bioassays for antidiuretic hormone were 
subsequent!}’- negative on April 14, May 16, 
June 27, Septembers (1941), and Feb. 6, 1942, 
and on the same dates blood pressure was 
140/90, 138/88, 136/90, 130/82, and_138/9fl. 
His onm physician has measured his blood 
pressure half a dozen times a year since, 
and states that it has never been over 138/90, 
and is usually 10 to 12 points lower. 

Case 3. Patient, a white male 47 3W 
of age, was first seen Oct. 24, 1945. He 
complained of some palpitation, and dysp- 
nea during coitus. Hypertension had been 
discovered 3 months previously, and 9 
months p^e^'iously he had successfully pa®“ 
a physical examination for awatioii pno • 
Physical examination, however, in our 
laboratory revealed a blood pressure 0 
200/128 and cardiac enlargement. 
assay for antidiuretic hormone was positive 
and plasma creatinine was 1.3 mg. % 1‘®P 
normal by this method 1 mg. %)• 
gen ray examination of pituitary fossa, g 
bladder, urogram was essentially norma. 
Electrocardiogram revealed sinus rby 
■with ventricular extrasystoles, broad an^ 
enlarged P waves, and a slurred QRS com 
plex -vith left axis de-viation. Orthodmgr^ 
showed cardiac enlargement. Urinary spec 
gravity was 1.016 without attempt at co 
centration. Although it was recognized 
patients with renal damage usually do ba . 
after pituitary irradiation, the only 
suggesting renal involvement was the shg ^ 
elevated plasma creatinine. According 5)^^ 
course of pituitary irradiation was gi' 
November 26 to December 7: 7 cm. pc 
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to temporal areas; 1050 U (in air) to left 
temporal portal; 1000 R (in air) to right 
temporal portal. 

On Jan. 8, 1946, patient stated he felt 
much better, had no more palpitation and 
very little d3''spnea during coitus. Blood 
pressure was 182/128, bioassay for antidiu- 
retic hormone was negative but plasma 
creatinine w'as 1.7 mg. %. On Februarj'- 19 
patient still felt well, blood pressure was 
186/104, bioassay for antidiuretic hormone 
was negative, and plasma creatinine was 
1.8 mg, %. On April 17 he was definitel}’’ 
worse, with nausea and nocturnal dyspnea, 
blood pressure 186/118 positive bioassay 
for antidiuretic hormone, and plasma creati- 


nine of 2.2 mg. %. On June 20 he was 
hospitalized uith a blood pressure of 196/118, 
negative bioassay for antidiuretic hormone, 
and plasma creatine of 3.9 mg. %. Subse- 
quent course was doumhill, and he died 
udth typical uremia on July 7. At necropsj’', 
the heart was found to be markedly enlarged, 
with left ventricular hypertrophy. There 
was passive congestion of the liver and spleen 
and diffuse pulmonary edema. The kidneys 
were described as being of the granular 
hypertensive type but were not markedly 
contracted and the pathologist felt there was 
less cortical atrophy than might have been 
anticipated. The urinary tract showed no 
evidence of infection or congenital anomalj'. 
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The early clinical experiences with thio- 
uracil indicated that serious toxic reactions 
sometimes occurred and this prompted an 
investigation, beginning in 1943, of other 
antithyroid compounds. It was hoped 
that the incidence and severity of the' 
toxic reactions might be reduced by ob- 
taining compounds vdth stronger anti- 
thyroid action, thereby exposing the body 
tissues to a smaller concentration of the 
drug, or by finding substances which by 
their difference in chemical structure were 
less toxic than thiouracil even though 
their concentration in the body might be 
greater. During the course of these stud- 
ies there have appeared reports of similar 
studies by McGinty and colleagues,'’-*-* 


and Astwood’s investigations^ have been 
greatly extended.- In addition to the com- 
pounds which we have reported upon” 
others have been investigated.*-®-' 

Plan of Study. In his early studies 
Astwood’ found that most of the com- 
pounds wth pronounced goitrogenic effect 
were derivatives of thiourea or aniline. 
Most of the compounds* which we have 
studied have been of these types, there 
being numerous alterations in the struc- 
ture of the molecules. In addition, a few 
organic sulfur compounds were tested. 
The basic structure of some of the more 
interesting compounds which have been 
tested in this and in prewus studies are 
sho-wn structurally in Figure^l. 
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Fig. 1. — Basic structure of some of the interesting compounds studied. 


* We are verj' grateful to Mr. W. A. Lott and the late Dr. George A. Harrop and their associates 
at the E. R. Squibb & Co., New Brunsn-ick, New Jersey, for suppljung us -with most of the cornpounds 
tested and for aid in many other -ways. Dr. R. A. Hartc of the Arlington Chemical Companj', Yonkers. 
New Y'ork, kindly supplied a few of the chemicals which were tested. Dr. R. O. Roblin, of the American 
Cr*annmid Company. Stamford, Connecticut, -upplied the f>-o.ethylpropyl-2-thiournciI. 
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It was especially desirable to test the 
antithyroid effect of iodinated thioureas 
and iodinated aminobenzenes. It was 
hoped that the thyroid gland’s usual affin- 
ity for iodine would prevail in this in- 
stance and as a result of the high concen- 
tration of the antithyroid agent it would 
be unnecessary to expose the remainder 
of the body to large amounts of the 
compound. At the same time there was 
full realization of the fact that the usual 
mechanisms of fixation of iodine in the 
thyroid^® might be antagonized by the 
thiourea or aminobenzene portion of the 
molecule. One would not expect a very 
striking effect in normal animals even 
though the compound might be practical 
in thyrotoxic subjects, because normal 
thyroid glands do not have as much avid- 
ity for iodine. Nevertheless, it was re- 
garded as being worthy of a trial. It has 
not been possible for us to obtain an 
iodinated thiourea compound without a 
radical attached to the sulfur; many thio- 
ureas lose their antithyroid effect when 
the sulfur atom bears a substituent. 

The detailed methods of study have 
been described.” The rats used ordi- 
narily weighed about 40 gm. at the begin- 
ning of the experiment. Their healthy 
littermates gained, on the average, 4 gm. 
per day. The animals were given the test 
compounds in the drinking water, great 
care being taken to avoid wasting. After 
ingesting the solution for 14 days, the rats 
were killed and the thyroid gland Avas 
quickly removed and weighed. 

Since thioliistidine is a natural constitu- 
ent of the blood, it Avas especially desirable 
to determine whether it possessed any 
antithyroid effect. Although it had been 
previously studied in rats,” and had been 
found to be AAuthout antithjToid effect, the 
quantity available Avas small. As an addi- 
tional test animal the chick Avas used to 
study this compound. To 10 cc. of 0.2% 
agar in saline Avas added 100 mg. of thio- 
histidine. Each of 3 chicks was injected, 
subcutaneously, AAdth 0.1 cc. of the mix- 
ture twice daily for 14 days, beginning 
Avhen the chicks Avere 2 days old. The 


animals Avere then killed, along Avith the 
controls, and their thyroid glands were 
quickly removed and weighed. 

Results. Thiouracils. The most po- 
tent antithyroid compounds found were 
thiouracils Avith short-chain hydrocarbons 
in the 6-position. Of these, the n-propyl 
derivative Avas the most active one, and 
it Avas also the most effective one found by 
AstAvood, Bissell and Hughes.” Cyclo- 
propylthiouracil and isobutylthiouracil 
Avere almost as active as Avas n-propylthio- 
uracil. The effectiveness of n-butylthio- 
uracil and amylthiouracil Avas much less 
marked, but all of these Avere distinctly 
more active than was thiouracil (Fig. 2). 

Of the compounds tested Avith substitu- 
ents in the 5-position, ethylthiouracil was 
the only one that was more actiA-^e than 
thiouracil. The activity of the 5-ethyl- 
thiouracil was abolished Avhen an ethyl 
radical Avas attached to the sulfur, as in 
2-ethylmercapto-5-ethyluracil (Table 1). 
When an amino group Avas in the 5-posi- 
tion the actiAUty Avas lost. 

The toxicity of all of the thiouracils was 
relatively low. There Avas no significant 
inhibition of groAvth. MoreoA'^er, micro- 
scopic examination of the liver, spleen, 
pancreas, kidneys, adrenals and gonads 
revealed that these organs Avere normal in 
appearance. 

Other Thioureas. None of this group of 
compounds tested possessed significant 
activity, wdth the exception of 2-amino- 
thiazol (Table 2). The latter compound, 
although many times less active than thio- 
uracil, produced a distinct effect when 
large doses Avere used. Several thioureas 
AA'ere fairly toxic, especially bis-(methyl- 
piperidine)thiourea, 1, 4-diazabicyclo(2,2,- 
l)heptane and bis-(2-hendecyl-2-imidazo- 
line-l-ylethyl) thiourea . 

The chicks, treated AAuth thiohistidine, 
experienced no thjnroid enlargement. 

Anilides. Several anilides with struc- 
tures similar to p-aminobenzoic acid were 
studied (Table 2). The activity of each 
of these compounds tended to be relatively 
slight (Table 2), eA'en in large doses. The 
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toxicity of diaminobenzophenone and p- 
aminocinnamic acid was fairly great. 

lodinated Compounds. The iodinated 
compounds demonstrated little or no 
antithyroid effect. Moreover, several of 
these compounds were relatively toxic. 
Three groups of rats recemng 0.5% 
2-amino-3,5-diiodobenzoic acid succumbed 
after treatment for 4 or 5 days. The 4- 
amino-3,5-diiodobenzoic acid was less toxic 
and the monoiodinated homologue was 
much less toxic. 


of the various antithyroid compounds. 
In some instances the substances are rela- 
tively much more effective in rats than 
in humans and sometimes the reverse is 
true. Moreover, there are occasionally 
marked variations in the same species. 
That such discrepancies should exist is 
indicated by the variations in the absorp- 
tion, distribution and excretion of the 
compounds in rats and man.^- 

In some respects there are striking cor- 
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Fig. 2. — Note that these derivatives o{ thiouracil are much more goitrogenic, or antithj'roidal, tlian 
is the parent compound. The size of the thyroid gland and the amount of drug ingested are expressed 
in terms of body weight of the animal. 


Combined Treatment With Para-amino- 
benzoic Acid and Thiouracil. It can be 
seen in Table 2 that when p-aminobenzoic 
acid is given simultaneously -with thioura- 
cil the amount of goitrogenesis equals, or 
perhaps exceeds, an additive effect of the 
2 compounds. 

Discussion. In the clinical application 
of the results presented in this paper and 
in previous ones it must be borne in mind 
that the assays on rats are but coarse 
approximations of the relative activitic.' 


relations of chemical structure to anti- 
thjToid effect. However, in many in- 
stances slight clianges in molecular struc- 
ture lead to very unpredictable results, 
sometimes markedly increasing the activ- 
ity and at other times reducing it. 

On the basis of the observations of 
various investigators, especially Astwood’s, 
many generalizations ma^' be made in cor- 
relating antith\Toid acti\nty with chemi- 
cal structure. The activity of thiouracil 
was distinctly decreased, or in some in- 
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stances lost, by any of the following 
changes in structure; 

1. Saturation of the double bond, as in 
dihydrothiouracil . 

2. Addition of methyl or ethyl substitu- 
ents on the nitrogen atoms. 

3. The presence of methyl or butyl radi- 
cals in the 5-position. 

4. The presence of substituents on the 
sulfur atom. 

5. Additions in the 5- or 6-position of 
amino, carboxy, carbethoxy or cyano 
groups. 

On the other hand the actirdt^' of tbio- 
uracil was increased by: 

1. The addition of short-chain hydro- 
carbons or the benzyl radical to the 6-posi- 
tion. 

2. The presence of an ethyl or propyl 
group on the 5-position. Substituents in 
the 5 and 6 positions (in 1 compound) 
showed no potentiation of effect. 

The acti'vdty of thiourea is augmented 
by the addition of certain short-chain 
hydrocarbons, as in diethylthiourea and 
tetramethjdthiourea. On the other hand, 
in general the acti\ity is greatly decreased 
or lost by: 

1. The addition of long-chain alkyl or 
aryl radicals. 

2. The presence of amino, imino or 
carbonyl radicals attached to 1 or both 
nitrogen atoms. 

3. Substitutions on the sulfur atom. 

4. Conjugation of 2 thiourea molecules. 

It is of interest to point out that mere 

closure of the ring as in phenylthiourea, 
giring o-phenylene thiourea, greatly in- 
creases the antithjToid effect.'* In a simi- 
lar manner the activdty of ethylthiourea 
is increased when the ring is closed to 
form 2-imidazoline-2-thiol. Addition of 
iodine to the 5-position of o-phenylene 
thiourea decreases its activity by about 
90%. 

One of the nitrogens of thiourea may 
be replaced with o.xygen or sulfur rrith 
the preservation of some activity. One 
example is 2-mercaptothiazoh‘ne^ which is 
slightly more active than thiouradl. 


Although it has been found that in 
several instances when the sulfur of thio- 
urea is incorporated in a ring structure the 
activity is greatly decreased, this is not 
the case ■«ith 2-aminothiazole. It is of 
interest that when the C=S bond of thio- 
urea is saturated, as in 2-aminothiazole, 
activity is not lost.- 

None of the aminobenzenes has been 
found to be as active as thiouracil, al- 
though 2 have been found- to be one- 
fourth as active, 4,4'diaminodiphenylme- 
thane and bis-(4-dimethy]aminophenyl)- 
methane. 

lodination of aminobenzoic acid did not 
cause any definite potentiation of anti- 
thjToid effect. 

With the data available it is not pos- 
sible to state whether p-aminobenzoic 
acid and thiouracil have a sjuiergistic 
effect or whether they have a different 
site of action. However, they do have an 
additive effect. 

hlany of the more potent compounds 
have been given a clinical trial.®'” 

Conclusions. IMinor structural changes 
in the 2 main series of goitrogenic com- 
pounds, thiocarbonamides and aminoben- 
zenes, maj' modify the acti'vdty of these 
compounds, sometimes causing a marked 
potentiation of effect and at other times 
greatly decreasing or abolishing the effect. 
The C = S linkage is essential, and usually 
without substituents attached to the sul- 
fur. In most instances this linkage is ad- 
jacent to 2 amino groups, although activ- 
ity can exist when 1 of the amino groups 
is replaced by an o.xygen or sulfur group- 
ing. Closure of thiourea chains generally 
causes a potentiation of effect. Additions 
of short-cJiain hydrocarbons tend to aug- 
ment the effect of thiouracil, when at- 
tached to the 6-position. Thus far, iodina- 
tion of the thiourea and aminobenzcne 
derivatives has not augmented the goitro- 
genic effect. The simultaneous ingestion 
of thiouracil and p-aminobenzoic acid 
appeared to result in an additive effect. 
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POSTHYPOGLYCEMIC ENCEPHALOPATHY 
Case Repoets 

Br Geohge M. Jones, M.D. 

DAU^S, TEXAS 

(From the Department of Medicine, Southwestern Medical College) 


The clinical entity, posthypoglycemic 
encephalopathy, has been previously re- 
ported under headings of synonyms such 
as fatal hypoglycemia,^® mental deteriora- 
tion associated with contmlsions and hypo- 
glycemia, cerebral damage from insulin 
shock,^ irreversible or hyperglycemic insu- 
lin coma,®® prolonged coma after insulin 
hj’poglycemia,®® fatal hyperinsulinism with 
cerebral lesions due to pancreatic ade- 
noma, “ posthj’poglycemic coma or syn- 
drome,^® and psychiatric complications of 
hj’poglj’’Cemia in children.® 

Even before the introduction of insulin, 
Joslin®® recognized that hjTioglycemia was 
a very serious factor in the treatment of 
diabetes. "Wohlwill^® in 1928 made the 
first detailed study of brain changes in a 
diabetic dying from insulin shock, and in 
the same year Ravid®® summarized 6 cases 
of transient hypoglycemic hemiplegia re- 
ported in the literature to that date in- 
cluding a case of his own. In the first 
case of benign tumor of the islands of 
Langerhans with lij’poglycemia pro^'ed by 
antemortem blood studies, reported by 
IMcClenahan and Norris,®® there were 
e\'idences of meningeal and cerebral irri- 
tation on postmortem examination. Carr,® 
in 1931, reported the case of a diabetic 
patient with hemiplegia for manj- weeks ’ 
after hj'poglycemia, and Bast, Sclunidt, 
and Se\Tinghaus,® in 1932, reported a case 
of hj-poglycemia with neurologic symp- 
toms persisting for 5 days after adequate 
feeding was instituted. At the .same time 
Terplan^® reported the case of a 16-year 
old diabetic boy who did not regain con- 
sciousness for 3 days after insulin shock, 
the blood sugar levels being normal for 
these 3 days. Postmortem e.xamination 
showed e.xtrcme edema of the brain and 
destruction of ganglion cells. IVilder*' 


wrote: “A featm-e about this type of coma 
(hypoglycemia) that is very characteristic 
is its rapid termination when glucose is 
administered — but recovery is less certain, 
less rapid and less complete, even when 
sugar is given, the longer it persists. 
Irreversible changes may then occur in 
the brain: degeneration of the ganglion 
cells, or hemorrhages as described by 
Terbriiggen.” Since that time numerous 
reports of the same clinical entity have 
appeared in the literature. 

With this introduction, 2 cases person- 
ally seen by the author and one other case 
will be reported: 

Case Reports. Case 1: M. J. W., a 26 
year old white male, was first seen at his 
home on Sept. S, 1943, at 6 p. m. He had 
been a known diabetic for 4 years, taking 
50 units of protamine zinc insulin daily and 
not adhering to any special diet. He had 
had several mild insulin reactions during the 
preceding two weeks. The day before he 
was seen he changed his working hours to 
the midnight to 8 a. m. sliift. As his wife 
worked in the daj'time she did not see liim 
at all on Sept, Sth until she returned home 
at 5.30 p. m. and found the patient lying on 
the floor, unconscious. The eggs he ordi- 
narily cooked for himself for breakfast were 
burned to a crisp, and the gas fire beneath 
them was still burning. It was not known 
whether he took his insulin that morning. 

E.vamination revealed a 3’'0ung adult white 
male Ijdng quietly in bed (ha-ving been placed 
there b3’ his wife), perspiring profusely, and 
unresponsive. Pulse was 88; respirations. 
20; blood pressure, 110/86; and temperature, 
101.0°. Pupils were dilated and there was 
normal intraocular pressure to palpation. 
Teeth were occasionaU3' grinding together. 
There was no fruit3' odor to the breath, and 
the skin was warm and moist. There was 
carofenemia rrith a 3’elloa’ish color to tlic 
p.alms of the hands. Otherwise, a complete 
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physical examination revealed no abnor- 
mality. 

The patient was given 30 cc. of 50% 
glucose intravenously and responded enough 
to drink about 100 gm. of sugar in solution. 
In spite of this, his movements became irra- 
tional and meaningless and he lapsed back 
into a stupor. When he was conscious 
enough to drink he was not able to answer 
questions or make any meaningful sounds. 
He was admitted to Baylor University 
Hospital at 8 p. m. Blood sugar at that 
time was 460 mg. per 100 cc. and the COj 
combining power was 40 volumes %. While 
these results were pending, the patient was 
given another 125 cc. of 50% glucose intra- 
venously and continuous intravenous glucose 
was started. The patient became quite 
unruly and violent, struggling constantly, 
having to be restrained, and pulled out the 
intravenous needle after only 300 cc. of 5% 
glucose had been administered. However, 
the patient drank 700 cc. orange juice during 
the night. He continued to be irrational, 
had occasional mild commlsive seizures, and 
was frequently mumbling, restless, and try- 
ing to get up. Temperature went as high 
as 102.8° axillary and pulse up to 120/raiaute. 

The 8:30 a. ra. blood sugar level on Sept. 
9th was 420 mg., and the CO 2 combining 
power 56 volumes %. Because of the high 
blood sugar levels the patient was given 
insulin then for the first time, 25 units of 
protamine zinc insulin and 15 units of regular 
insulin, in separate syringes. The patient 
consumed 1500 cc. orange juice with 60 gin. 
glucose added and 240 cc. milk orally between 
then and 3:30 p. m. when his blood sugar 
level was again determined and said to show 
no trace of glucose (checked). There was no 
change in the clinical course during this 
interval except that the patient screamed 
irrationally at times. He voided involun- 
tarily. J uices and milk were continued orally 
and a 9 p. m. blood glucose level was 470 mg. 
Blood sugar levels checked frequently during 
the next two days varied from 250 to 460 mg. 
The patient was given 25 units protamine 
zinc insulin on each of the next few mornings 
and he continued to have an adequate carbo- 
hydrate intake. He continued to be restless, 
drowsy, uncooperative, and raentall}’ con- 
fused for two more days. When he was 
finally rational on Sept. 12th, he could not 
recall anything that had happened for the 
24 hours prior to the time he was first seen. 


Thereafter the patient improved and appar- 
ently had an uneventful course after proper 
regulation of his diabetes. 

Case 2. T. A. C., a 55 year old white 
male, had been a known diabetic since 1938. 
As he was a bachelor he ate in cafes and 
remained on no specific diet. He usually 
took 40 units protamine zinc insulin daily 
but had decreased his insulin and had been 
drinking wine prior to being admitted to 
St. Paul's Hospital in diabetic coma on Feb. 
13, 1945. He responded to therapy quite 
satisfactorily and was instructed on a 3000 
calorie, 200 gm. carbohydrate, 100 gm. pro- 
tein diet, to include a feeding of 30 gm. of car- 
bohydrate before retiring each night. The 
importance of maintaining the carbohydrate 
consumption at a constant level was stressed, 
the patient being kept in the hospital until 
Feb. 27th in order for him to learn as much 
as possible about his diabetes, which was 
'well regulated with 60 units protamine zinc 
insulin and 15 units regular insulin in sepa- 
rate S 5 ainges before breakfast daily. His 
fasting blood sugar level was 90 mg. on the 
day prior to discharge from the hospital. 
Because it was believed that the patient 
possibly would not properly follow his diet, 
his insulin was decreased to 50 units prota- 
mine zinc insulin and 10 units regular insulin 
on Feb. 26th and 27th. He was discharged 
on this regimen, havmg been given diet 
lists and taught equivalent carbohydrate 
measures. 

In spite of his careful diet instructions it 
was later learned that he ate only a bowl of 
soup for his evening meal on Feb. 27th. 
At 3:00 a.m. on Feb. 28th his landlady heard 
him making peculiar noises in his room. 
She entei’ed his room at 7:00 a. m. and re- 
ported that he was apparently "normal” at 
that time. Whether he ate breakfast or took 
insulin that morning was unknown, but at 
10:00 a. m. he was found lying on the floor 
of his room, unresponsive. 

When the patient was seen at 11:00 a. m. 
he was still unconscious, perspiring excess- 
ively. Temperature was 104.0°; pulse, 130; 
respii-ations, 28; and blood pressure, 110/60. 
Pupils were quite irregular in contour, the 
patient prerdously having had bilateral cat- 
aract extractions. There was excessive sali- 
vation, much mucus seemed to be in his 
throat, crepitant rales and coarse rhonchi 
were heard throughout both lung fields, and 
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the patient seemed to have occasional fine 
tremors over his bodJ^ 

The patient was given 25 gm. of glucose 
intravenouslj" but failed to show any re- 
sponse. He was readmitted to St. Paul's 
Hospital at 12:00 noon on Feb. 2Sth. As 
the laboratoiY^ teclmician was not available 
for blood sugar determination without some 
delay, 10% glucose solution was started 
intravenously immediately upon his arrival 
and was continued until the patient had 
received 4000 cc. by 10:45 p. m. At 2:30 

р. m. the blood sugar level was reported as 
164 mg. per 100 cc. The patient was given 
no insulin and the 8:00 a. m. blood sugar 
level on hlarch 1st was 53 mg. At 6:00 a. m. 
on IMarch 1st, nurses recorded that the pa- 
tient turned himself with ease but was 
generally unresponsive. As the patient 
remained unable to swallow, he was given 
1000 cc. 10% glucose intravenousl}’’ at 8:00 
a. m., 12:00 noon, and 6:00 p. m. daily, and’ 
1000 cc. 5% glucose intravenously at 12:00 
midnight each daj’- thereafter. It was learned 
that on tills program he required and was 
given only 15 units of protamine zinc insulin 
dail}’. Daily 8:00 a. ra. blood sugar levels 
thereafter I’aried from 74 to 346 mg. Be- 
cause of the fever and pulmonaiy edema the 
patient was given 5 gra. of sodium sulfadia- 
zine intravenously daily. The temperature 
returned to normal and the lung fields be- 
came normal upon e.vamination by hlarch 
6th. The patient remained semicomatose on 
March 1st until 9:00 p. m., at which time he 
appeared veri' restless, got out of bed, 
struggled with the nurses, and had alter- 
nating intenmls of crinng out irrationally 
and of being quiet. This tj-pc of beharior 
occurred intermittently throughout the night. 
The patient was incontinent of urine and 
feces throughout the remainder of his hos- 
pital course. He lapsed back into a semi- 
comatose condition on IMarch 2nd and occa- 
sionally signified feeling pain when stuck 
with a needle. On some occasions there.after 
he was seen to move his right arm and his 
right leg but verj' seldom moved his left 
arm or left leg. He occasionalh' mumbled 
unintelligible sounds and occasionallj' shook 
his right arm and fist as if an orator trying 
to say something. He made occa.rional 
grimacing motions and was mentalh' dull 
and apathetic tiirouahout in's hospital stay. 
He occasionally coughed but was unable to 

с. vpcctoratc, swallow, or speak. 


Neurological examination revealed norma! 
triceps, biceps, patellar, and ankle jerk 
refle.ves on the right. Left ankle jerk and 
patellar refle.xes were present but diminished, 
and the biceps and triceps refle.ves were 
missing on the left. Babinski sign was posi- 
tive bilaterall}v There was no evidence of 
any cranial nen'-e involvement The patient 
was unable to cany out any command. The 
heart and vessels were normal e.vcept for 
some tortuosity of the brachial arteries. 
Abdomen, back, genitalia, rectal examina- 
tion, and e.vtremities were normal. 

On IMarch 5th lumbar puncture revealed 
clear colorless spinal fluid with pressure of 
14 mm. of mercurj' and no evidence of spinal 
block. lYassennann and colloidal gold tests 
were negative and globulin content was 
normal. White blood cell count was 15 and 
red blood cell count was 37 per cubic mm. 
spinal fluid. On March 1st hemoglobin was 
11.9 gm. per 100 cc. blood, and white blood 
cell count 11,000 per c.mm. with a normal 
differential count. On hlareli 5th, hemo- 
globin was 10.6 gm. and white blood cell 
count 7,050 with a normal differential count. 
Urinalyses were normal except for occasional 
glycosuria and a terminal p3mria after the 
patient was catheterized. 

The patient remained about the same until 
March I6th when he became weaker, his 
temperature began rising, and signs of pneu- 
monia appeared in the lungs. He died on 
March ISth at 8:20 p. m. 

Postmortem examination, as reported by 
Dr. J. L. Goforth, revealed nothing abnormal 
externally other than decubitus ulcers in the 
sacral region. TJiere was marked congestion 
in the posterior portion of each lung with 
patchy areas of consolidation noted, grossly 
suggestive of aspiration pneumonia. Hc.art 
e.vamination rer'ealed some dilatation of the 
right auricle and ventricle, and the left 
ventricle was fairly well contracted. There 
were no other gross pulmonarj"^ or cardiac 
abnormalities. No gross nor microscopic 
abnormalit3' was found in the gastrointes- 
tinal tract. The urinar3' bladder mucosa 
had an injected appearance, the retention 
catheter being in place, but there were no 
other gross abnormalities of the kidnej’s, 
prostate, liver, gallbladder, .spleen, or l3mph 
nodes. The medullary jwrtion of each 
adrenal showed what was interpreted a*, 
pn^tmorfem dcKcnerafion. The pancreas 
wa^ soft and irregularh- hniqn- with lo-s of 



Jones; posthypoglycemic encephalopathy 


209 


glandular tissue apparent and no evidence 
of tumor formation. The brain had a con- 
gested appearance but no other gross ab- 
normality. The pituitary body had no 
apparent changes. 

Microscopically there -was a moderate 
degree of myocardial hypertrophy and acute 
myocardial degeneration; acute spreading 
bronchopneumonia and a marked degree of 
pulmonary congestion and edema; congestion 
and a moderate degree of hyperplasia of the 
spleen; a marked degree of tubule cell degen- 
eration in the kidneys; diffuse fine scarring 
and islet degeneration in the pancreas; corti- 
cal degenerative changes in the adrenals; 
and cortical cell degenerative changes in the 
brain. 

A more extensive examination of the brain 
as reported by Dr. Paul M. Levin revealed 
moderate hyperemia of the leptomeninges 
of the cerebral hemispheres. There was an 
occasional area in the cortex of brownish 
discoloration, and in other places the tissue 
seemed more friable than normal. Several 
radial areas of softening were seen extending 
from the pial surface through the cortex into 
the subcortical white matter. The secondary 
segments of the globus pallidus on both sides 
showed blurring of the striation and perhaps 
slight pallor. The region of the third ven- 
tricle was normal, as was the remainder of 
the brain stem and cerebellum. The white 
matter of the cerebral hemispheres was 
slightly hyperemic. In places it showed a 
diffuse brown discoloration. One area of 
softening was seen in the left occipital lobe; 
the lateral surface underlay the depth of the 
calcarine fissures and was curved in a semi- 
circular way so as to conform with the fold 
of the cortex about this fissure. Sections 
were cut from both motor areas (from the 
right including the Rolandic vein in a long 
block and from the left a deeper block with 
only pre-central and post-central g>ni), wall 
of third ventricle, globus pallidus, frontal 
pole, calcavitve cortex, and cerebellar cortex. 
The gross diagnosis was mild hyperemia. 

Microscopic examination revealed large 
areas of cerebral cortex with a regular archi- 
tecture, composition and vascularity, except 
for a slight pallor of the ganglion cells. How- 
ever, in numerous areas of considerable size 
the cortex had a spongj* structure with loss 
of normal lamination and intense congestion 
of the blood vessels. The ganglion cells in 
» these lesions were greatly reduced in number; 


those present were small with pale cytoplasm 
having an indistinct border. The interstitial 
cells were greatly increased in number, 
mostly microglial and phagocjdic. Astro- 
cytes were also present in small numbers, 
often in clumps. These cortical lesions rarely 
extended deeper than the sixth layer and 
usually stopped at the fifth; only where they 
were most severe did the first layer show 
microglial proliferation. Necrosis was most 
severe in the third layer where collections of 
fat-filled phagocytes (glitten cells) were seen; 
in these areas capillary proliferation was pro- 
nounced. The walls of the vessels showed 
thickening of the walls with endothelial 
swelling and concentric layers of plump 
elongated cells. There was also an increase 
in the number of vessels. The lesions were 
extensive in the central and occipital cortex, 
with the least alteration in the frontal poles. 
The pre-arachnoid was not tliickened, but 
there was a moderate number of macro- 
phages. The globus pallidus showed only 
a ferruginous deposition in the form of round 
particles l 5 dng in the parenchyma and in 
walls of blood vessels. The hypothalamus 
and cerebellar cortex appeared normal. The 
hypophysis showed a normal structure of the 
anterior and posterior lobes except' for a 
mild mononuclear infiltration at the margin 
of the pars nenmsa. The microscopic diag- 
nosis was extensive cortical encephalo- 
malacia. 

Case 3: T. J., a 7 year old white male, 
was never seen by the author but was ad- 
mitted to Baylor University Hospital at 
4:40 p. m. on Sept. 27, 1945, on the service 
of Dr. W. H. Potts, through whose courtesy 
the case is being presented. The patient had 
been a known diabetic since January, 1943, 
and had last been seen by Dr. Potts in 
July, 1945. The patient had been on a diet 
consisting of 60 gm. protein, 120 gm. carbo- 
hydrate, and 75 gm. fat dailj’’ and had been 
taking 12 units regular insulin and 10 units 
protamine zinc insulin daily. He apparently 
had been getting along satisfactorily on this 
program except for occasional morning 
insulin reactions for several weeks prior to 
his present hospital admission. These were 
usually satisfactorily relieved by orange 
juice. On the morning of Sept. 27th when 
the mother tried to awaken the patient, he 
had a slight convulsion. He was given 
orange juice and was later given his usual 
daily insulin. He ate verj’- little breakfast 



210 


JONES: POSTHYPOGLYCEraC ENCEPHALOPATHY 


and fell to the floor before finishing the meal. 
As his home was in a town quite some dis- 
tance from Dallas, the patient was seen by 
a local doctor, was given another 10 units 
of regular insulin, and was given more fruit 
juices and milk. However, the patient 
vomited what little food he took. Attempts 
to correct the patient’s difficulty by gi-ving 
glucose intravenously and sjTup rectally 
were apparently unsuccessful. As the pa- 
tient continued to have con^mlsions and was 
comatose it was decided to bring the child 
to Dallas, the patient being admitted to the 
hospital upon Hs arrival. 

Upon admission the patient was comatose 
but the skin was dry. He occasionally 
groaned and appeared restless. He voided 
involuntarily. At times he had spastic tj’pes 
of convulsions in the opisthotonus position 
and had clonic rydhmic contractions of both 
arms in the flexed positions. The eyes be- 
came set to the right, and the pupils were 
dilated. Respirations were shallow and 
irregular; mucus appeared to have accumu- 
lated in the chest and rales and rhonchi were 
heard over both lung fields; the patient be- 
came cyanotic and at intenmls had to be 
given artificial respiration because of apnea. 
Temperature was 104.0® rectallj^; pulse, 130; 
respirations, 30; and blood pressure 130/80. 

Emergencs' blood sugar level upon admis- 
sion was 56 mg. per 100 cc. and blood CO. 
combining power was 56 vol. %. The patient 
was given 70 cc. of 50% glucose and 1000 cc. 
5% glucose intravenously. Blood sugar 
determination at 6:30 p. m. was 421 mg. 
At 12 midnight the blood sugar level was 
222 mg. The patient showed no improve- 
ment. He was given 10 units regular insulin 
at 12:40 a. m. on Sept. 2Sth. His clinical 
course continued unchanged. The 8 a. m. 
blood sugar level on Sept. 28 was 80 mg. and 
blood CO* combining power was 54 vol. %. 
Lumbar puncture at S p. m. on Sept. 27th 
revealed clear colorless fluid with a pressiue 
of S mm. mercurj-, rising to 20 mm. upon 
Qucckenstcdt'.s te.st, and then dropping to 
10 mm. mcrcurj-. The fluid contained 3 
white blood cells and 74 red blood cells per 
e.mm. of fluid. Tlie globulin content was 
10 mg. White blood cell count on admission 
was 7,700 with 1% young, 19% band, and 
60% segmented poljTnorphonucIear cells, 
.and 14% l^Tnphocr'tes. Hemoglobin w.a.s 
9.S gm. and red cell count 3,3.50.000. 

Because of the pulmon.arj’ edema and 


fever, the patient was given penicillin, 20,000 
units intramuscularh' every 3 hours. He 
was also placed in an oxj'gen tent, receir-ing 
7 liters oxj'gen per minute. AIucus w.as 
aspirated from the trachea at intervals. 
At 9:00 a. m. on Sept. 2Sth the patient was 
given 10 units of regular insulin and 500 cc. 
of 5% glucose intravenouslj-. He received 
another 500 cc. of 5% glucose intravenously 
at 2:30 p. m. His condition continued un- 
changed, there being occasional muscular 
twitchings and convulsions, with respirations 
ceasing at irregular intervals. At 6 p. m. on 
Sept. 2Sth, respirations ceased permanently. 

Postmortem examination was performed 
by' Drs. Howard J. Scott and Charles P. 
Pelphrey. No gross external abnonnality 
was noted. The lungs were crepitant 
throughout, pale pink in color anteriorly 
and slightly' dark red posteriorly'. Alultiple 
sections revealed a homogeneous appearance 
with pink watery' fluid exuding from the cut 
surfaces of both lungs. Occasional areas 
showed slight mottling, however, not inter- 
preted grossly' as bronchopneumonia. The 
heart was gros.sly' normal. There was some 
passive hyperemia of the spleen and fatty 
degeneration of the liver. Passive hy'percmia 
and cloudy' swelling were found in the kid- 
ney's. Pancreas, adrenals, and other alidom- 
inai 'n'seera were normal in appearance. 
Examination of the brain showed cerebral 
edema and scattered numerous small dark 
red spots which did not rub off easily, sug- 
gestive of petechial lieraorrhages. 

Microscopically' there were multiple recent 
capillary' hemorrhages in the heart; hypo- 
static edema, marked hy'peremia, and early 
hypostatic pneumonia with recent small 
hemorrhages in the same area of lungs; 
hyperemia and acute parenchy'matous de- 
generation of the kidneys; no evidence of 
substantial glycogen storage in the liver; 
hyperplasia of the malpighian corpuscle.® of 
the spleen; islets of Langerhans small with 
cell.® having a scanty amount of cytopla'-nv, 
hyperemia and hyperplasia of the medulla 
of the adrenals; and marked , hyperemia, 
lymphocy'tic hy'perplasia. and acute lympha- 
denitis of the mesenteric lymph nodes. 

A less e.vtcn.®ivc study of the brain wa.® 
made than that reported in C.a.®c 2. How- 
ever, later study of the .sections available, 
as reported by Dr. Paul M. Lcrnn, revealed 
moderate to marked hyperemia and .'light 
edema in some areas of the cortex and prob-« 



JONES: POSTHYPOGLYCEmC ENCEPHALOPATHY 


211 


able diffuse loss of ganglion cells from the 
second and third layers of cerebral cortex. 

Comment. Dameshek, ct have 

shown that the difference in dextrose con- 
tent between blood drawn from the carotid 
artery and the internal jugular vein was 
greater than that between the brachial 
artery and the basilic vein, and Himwich^® 
has shown that oxygen utilization and the 
metabolic rate of the brain are decreased 
during severe hypoglycemia. Gerard^® 
reported that the respiration of the brain, 
that is, oxygen consumption per unit 
mass, is about thirty times as intense as 
that of muscle or nerve. It is generally 
agreed that dextrose is essential in normal 
utilization of oxygen by brain tissue and 
that acute anoxia or hypoglycemia affects 
first the cerebral cortex, next the upper 
portion of the brain stem, and finally the 
medulla lfi'16'20.20a,21,2q,31,44 

Grayzeff® reported that rabbits in which 
hypoglycemia was experimentally pro- 
duced showed definite central nervous 
system lesions and that zones of necrobio- 
sis were more noticeable in the pyramidal 
cells of the third and fifth cortical layers. 

Other animal experimentation has 
shown hypoglycemia to produce lique- 
faction, vacuolization and homogenization 
of ganglion cells, marked shrinkage of 
cytoplasm and nuclei, diminution in num-. 
ber of neurons in various cortical areas, 
and small microscopic hemorrhages.^'''^''® 
Sherrill and Mac Kay^® reported a variable 
degree of hemorrhagic edema of the lungs 
in experimental animals with hjqjogly- 
cemia, probably similar to the pulmonary 
edema seen in Case 2 when the patient 
was first seen in hypoglycemia and similar 
to the pulmonary edema seen in Case 3. 
Bakei'® '''®'®^ at first believed that changes 
found in ganglion cells on postmortem 
examination of 3 patients dying after 
hypoglycemia were due to postmortem 
degeneration but in later papers concluded 
that these were antemortem changes. He 
subsequently reported extensive brain 
damage, congestion, hemorrhages, patchy 
deniyolinization, cyst formation, encepha- 
lomalacia with necrotic and active prolifer- 


ation, various degrees of cellular degenera- 
tion, and gliosis following hypoglycemia. 
Numerous other similar reports have now 
appeared “It is indeed diffi- 
cult to distinguish less severe nerve-cell 
changes from postmortem alterations.”®® 

Schereschewsky and others have re- 
ported necrosis and hemorrhage into the 
adrenal glands after hypoglycemia.®®’®®”" 
Perhaps the adrenal gland changes re- 
ported in Case 2 were antemortem changes 
rather than postmortem degeneration. 
If so, this could account for the patient’s 
decreased insulin requirement after his 
hypoglycemia although he continued to 
receive 350 gm. carbohydrate daily. 

Clinically, cases of posthypoglycemic 
encephalopathy have been reported in 
every age group, as frequently in children 
as in adults. Rascoff et al.^ reported a case 
of hjqDOglycemia of the newborn with 
hypertrophy and hyperplasia of the islands 
of Langerhans, dying 13 hours after birth 
from a latent diabetic mother. Although 
posthypoglycemic encephalopathy, to the 
author’s knowledge, has not definitely been 
reported following hypoglycemia of the 
neAvborn, it remains a definite possibility 
to be considered in determining the etiol- 
ogy of mental deficiency states of child- 
hood. Harrow" had 2 cases of convulsions 
and mental deficiency in children following 
hypoglycemia. A case of transitory hemi- 
plegia associated with hypoglycemia in a 
diabetic child with congenital heart disease 
was reported by Fischer.^^ Allan and 
Crommelin^ reported the case of a 6 year 
old diabetic with an insulin reaction in 
which the patient was stuporous for 3 days, 
followed by hemiplegia, aphasia, and epi- 
leptic seizures for 15 months. In Wilder’s 
case^® an 8-year old child had idiocy sec- 
ondary to a degenerative lesion of the 
brain from overdosage of insulin. Uncon- 
sciousness persisted for 6 weeks, and the 
mental condition never returned to normal. 
Anderson® had a 7-3'ear old diabetic pa- 
tient with a severe behavior disorder 
following hjqjoglycemia and a 13-year old 
diabetic with an insulin reaction followed 
by 4 days of coma and then gross dementia 
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which gradually but only partially im- 
proved during the next 15 months. Fenz 
and Kogerer'® reported the case of a IG-^-ear 
old boy in which a severe insulin reaction 
was followed for a fortnight by a syndrome 
characterized by negativism, catalepsy, 
grimacing, and motor restlessness, with 
subsequent improvement but persistence 
of apathy and dulness after 4 months. 
Terplan's case^^has already been mentioned. 

Numerous similar cases have been re- 
ported in adults, not only in diabetics,®-'^"® 
but also following the Sakel form of shock 
therapy for schizophrenia, and in 
cases with pancreatic adenoma.®'^’®® The 
case reported -bj" Root and Styron®® in 
which the patient remained in a comatose 
state for 23 days and finally died with 
terminal bronchopneumonia and sepsis is 
similar to Case 2. Another similar case 
with coma for 17 days terminating in death 
is reported by Lawrence ct aL~^ Cases 
with Korsakoff’s sjmdrome persisting for 
several months after hypoglycemic shock 
have been seen.-^-*® Also found are cases 
in which a combination of hypoglycemia 
and arteriosclerosis seemed to cause the 
cerebral damage.®® Murphy and Purtell®® 
reviewed 26 cases of hypoglycemia with 
cerebral damage and concluded that the 
most common aftermath was profound 
mental and personality damage, extensive 
damage leaving the patient with the intel- 
lectual level of idiocy, less damage result- 
ing in mental retardation, apathy, and 
dulness, at times progressing to true 
psychoses. Parkinsonism, aphasias, hemi- 
plegias, and objective neurologic changes 
have persisted for months. 

Goldman concluded: "Coma persisting 
after cessation of hypoglycemia is an 
entity in itself and related only in a 
secondary sense to the hypoglycemia.”'® 
Thus, in Case 1 a state of mental confusion 
and ciiange in personality, apparent clin- 
ical persistence of hypoglycemia, remained 
for 3 days after he was first seen and for 
-IS hours with high blood sugar levels after 
the 3:30 p. m. blood was reported as show- 
ing no trace of glucose the day after 
admission to the hospital. Tliis drop in 


blood sugar level under these clrciun- 
stances was undoubtedly the result of loss 
of liver glucose by glycogenolysis during 
the severe insulin reaction on the jireceding 
day and indicates the high degree of sensi- 
tivity of an individual to insulin after a 
severe hypoglycemic episode and the 
necessitt' of continuing high carbohydrate 
intake in spite of high blood sugar levels 
in such cases. The clinical picture was 
not due to persistent hypoglycemia but to 
transient cerebral damage catised by the 
preceding hj-poglycemia. In Case 2, 
apparent idiocy, aphasia, and neurologic 
changes remained for 18 days after the 
blood sugar returned to normal or high 
levels. Case 3 died after having remained 
comatose with occasional muscular twitch- 
ings, convulsions, and irregular respira- 
tions for 24 hours after termination of 
hypoglycemia. The term, posthypogly- 
cemic encephalopathy, although to the 
author’s knowledge not previously used 
in the literature, seems to be the preferable 
descriptive term for this clinical entity. 

Conclusions. Numerous cases of 
personality, mental, and neurologic changes 
following hypoglycemia and persisting 
after the blood sugar levels have become 
normal have been previously reported. 

The physiological and pathological 
changes responsible for the cliniccal be- 
havior arc briefly discussed. 

Three cases belonging in this clinical 
group are reported, one with mental con- 
fusion and personality changes for 4S 
hours after ce.ssation of hypoglycemia; 
one with marked mental impairment and 
persistent neurologic finding for IS days, 
terminating in death; and a third termi- 
nating fatidly with coma and convulsions 
for 24 hours after the hypoglycemia wa*- 
.satisfactorily controlled. Postmortem 
findings in the last 2 cases are reported. 

It is recommended that the term po>t- 
InTTOglycemic enecphalopathy be used for 
this very definite clinical entity. 

Members of the mwlical profession 
should be aware of this very serious com- 
plication of hypoglycemia and combat any 
prolonged low blood sugar level vigorou-'Iy. 
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In previous studies changes in the 
plasma protein distribution in clinical dia- 
betes mellitus as measured by the Tiselius 
electrophoresis method were reported.® 
Reduction in total albumin and elevation 
of the /S-globulin fraction were demon- 
strated in uncontrolled diabetes. With 
adequate treatment, a return to normal 
occurred. It was also suggested that cases 
complicated by diabetic retinitis showed 
a still greater deviation from normal and 
distinctly less improvement with diabetic 
control. 

Alloxan administered in appropriate 
amounts results in the production of per- 
manent islet cell damage in rabbits, rats 
and dogs.'’®'"' In this study on alloxan 
diabetic rabbits we wished, first, to deter- 
mine what modification, if any, occurred 
in plasma protein fractions, and, second, 
to note the progress of these changes with 
different combinations of insulin, diet and 
vitamins. During the course of the stud- 
ies the eyes were examined for lens and 
retinal changes. 

A n i m a l s. In early studies 7 albino rab- 
bits, 4 Belgian hares, and 5 others of a 
mixed strain were used. Later studies were 
made on Belgian hares, because, of the more 
even distribution of retinal pigment. In 
the albino XTSualization of fundu' vessel=» is 
more difficult. 

Twenty-four rabbits were used. Alloxan, 
lOO me. per kc. body weieht, was adminis- 
tered intravenously to 20; 2 were kept as 
nonnal controls. Two rabbit.s received rc- 
peate<i small injection'. Three anim.als were 
blcfl repeatedly prior to administering al- 


loxan in order to lower plasma albumin 
levels and to witness the effects of this 
upon susceptibility to later retinal hemor- 
rhage. If evidence of hypoglycemia was 
manifested at any time during the 24 hours 
after injection, 50% de-xtrose solution was 
given intravenously. The 2 nonnal con- 
trol rabbits were treated identically insofar 
as bleeding, diet and examinations were 
concerned. 

Methods. Blood glucose was determined 
by the Benedict blood sugar method before 
and after development of diabetes. Urinary' 
glucose was determined qualitativelj- or 
quantitatively by the Benedict method. To 
determine the occurrence of chemical nephri- 
tis, the urine was examined for albumin and 
red cells. 

The D/K ratio was determined on aliquot 
portions of a 24 hour urine specimen col- 
lected from the 48th to the 72nd hour of a 
72 hour fast. Nitrogen was determined by 
the Pregl modification of the micro-Kjeldahl 
method. 

The Tiselius electrophoretic technique 
was used for plasma protein fractionation.^ 
Blood was drawn from the femoral artery. 
Potassium o.xalate was used as anticoag- 
ulant. 

Diet. Diet 1 consists of oats ad lib. and 
approximately 4.5 ounces of carrots and 
4 ounces of greens d.aily (celen' greens, cal>- 
bacc, lotture or green hay). Approximately 
2 ounces of oafs daily were e.afcn by most of 
the rabbits. 

Diet 2 consisted of Purina rabbit pelfct= 
ad lib. and eitlicr celen’ or lettuce greens. 
The averacc rabbit consumed 3 to 4 ounce= 
of pellets n d.ay, 4.o ounces of c.arrots, and 
4 ounces of greon-. 
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Eye Examination. The eyes were exam- 
ined after maximum dilatation of the pupils 
with 1% atropine sulfate solution. The day- 
before the examination 2 drops were admin- 
istered about 5 P.M. The next morning drops 
were given about 9 a.m. in preparation for 
a noon examination. If dilatation was not 
complete, 2 drops more were given 2 hours 
later. If more rapid dilatation was neces- 
'sary 2 or 3 doses were administered at ^ hour 
intervals. When capillary hemorrhages were 
observed, the examinations were always 
viewed by a second ophthalmologist. Rab- 
bits with and without hemorrhages and with 
and without diabetes were presented at 
random to the examiner, who was thus 
entirely unbiased. 

Results. As previously reported, in- 
creased blood sugar and glycosuria were 
observed within 48 hours after injection of 
alloxan (100 mg. per kg. or more) into 
normal rabbits. After the initial injec- 
tion, 18 rabbits developed permanent 
hyperglycemia. In 1 it appeared only 
after a second injection. One rabbit failed 
to show more than temporary elevation 
in blood sugar even after the second ad- 
ministration; 1 failed to become hyper- 
glycemic after 2 injections. In 2 rabbits 
diabetes was produced by giving repeated 
smaller amounts of alloxan. One received 
6 injections of 20 mg. per kg., whereas 
the other received 5 injections of 40 mg. 
per kg. at intervals of 3 days. 

Acetonuria -was observed in 6 animals 
from tlie 4tli to 12th day following devel- 
opment of diabetes. In 5 cases it was 
controlled by protamine-zinc insulin. On 
witliholding tlierapy, ketosis occurred in 
only 1 case. This animal required 5 units 
of protamine-zinc insulin daily for the 
1st month to combat signs of diabetic 
acidosis. From the 2nd to 6th month 
inclusive, insulin in similar dosage 3 times 
a week prevented ketonuria. Therapy 
was then stopped, and the animal ap- 
peared in good condition until food was 
withheld for 72 hours in order to determine 
the D/N ratio. Severe acidosis resulted 
and death followed despite treatment wdth 
large amounts of insulin and intravenous 
fluids. The animal had moderately severe 


diabetes as judged by the D/N ratio, 2. 
Some animals, however, had even higher 
ratios, but had less tendency to excessive 
ketone body production. All of the ani- 
mals in this group were in about the same 
nutritional condition and received the 
same diet. 

As was previously observed in untreated 
diabetic patients, rabbits wdth severe dia- 
betes and acidosis usually showed a de- 
crease in albumin, and a pronounced in- 
crease in the /3-globulin fraction (Tables 2 
and 3). When ketosis ceased and the 
animal's condition improved, either after 
treatment with insulin or after some 
spontaneous adjustment, the /3-globulin 
returned to normal. In insulin-treated 
animals the albumin level frequently in- 
creased. 

Rabbits with mild diabetes (Table 1, 
R-8) usually showed a decrease in total 
plasma protein and albumin but no sig- 
nificant modification in /3-globulin. When 
insulin therapy reduced glycosuria to a 
trace to l-j-, the total protein and albu- 
min levels tended to return to normal. 

Animals with moderately severe dia- 
betes (Table 1) but witliout acidosis show- 
ed plasma protein shifts of a degree 
comparable to those observed in uncom- 
plicated diabetes in man. 

During the course of diabetes in the 
rabbit many animals showed eye changes. 
Modifications in the plasma protein pic- 
ture were not necessary accompaniments 
of developing lens opacities. On the other 
hand, a low plasma albumin and an ele- 
vated /3-gIobulin W’ere nearly always found 
at the time that fine capillary bleeding 
in the retina was observed. The interval 
before appearance of eye changes varied 
greatly from animal to animal (Table 4) 
and seemed to have little correlation with 
the severity of the diabetes, loss of weight, 
or diet. One rabbit (D/N 0.7) showed 
lens vacuoles 6 weeks after, and fundus 
changes 4^- months after islet cell damage 
w'as produced. In another animal with 
mild diabetes (D/N 0.5) 3 months elapsed 
before lens changes and 31 months before 
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capillary bleeding -were noted. However, 

1 animal (D/N 0.75) showed capillary 
hemorrhages 1 month and lens cloudiness 

2 months after onset of diabetes. 

Of tlie 21 diabetic rabbits, IS shorved 
progressive lens changes, apparently quite 
similar to those described by Bailey and 
Bailey.^ Six rabbits were given large 
amounts of vitamins in addition to pro- 
tamine-zinc insulin in an attempt to pre- 
vent or delay development of lens changes 
(Table 1). None of the group failed to 
show lens opacities. Because of the wide 
variation in the time required for these 
changes to occur in the untreated diabetic 
rabbit as well as in the treated animal, a 
much larger series will have to be studied 


before any conclusions as to the elTect of 
vitamin tlierapy can be drawn. 

In S, retinal changes, which in some 
instances persisted for 6 weeks, consisted 
of very fine, minute capillary bleeding 
along tlie larger vessels. It was possible 
to follow pigment deposition at the site 
of bleeding as the hemorrhages were ab- 
sorbed. No exudates have been observed 
either clinically or on microscopic exam- 
ination of the retina?. Apart from minor 
retinal changes, none have been observed 
to compare with the severe retinal degen- 
eration in diabetes mcllitus in man. 

Microscopic examination of the eyes of 
4 of the rabbits was made. In Rabbits 
R-3, R-7 and R-17 (see illustration), the 
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.'ibnonnal changes were all of similar 
nature, but varied in degree. In the sec- 
tions of the eyeballs, in the posterior part 
of the retina, on botli sides of the entrance 
of the optic nerve, for a considerable dis- 
tance, tliere were some small circular, 
irregular or elliptical disk-like foci of 
amorphous granular, deeply eosinophilic 
material, situated beneath the irmer limit- 
ing membrane and partly occupying or 


were present just be neath the inner limit- 
ing membrane. No obvious degenerative 
or inflammatory disease of the arterioles 
was detectable, so th»it the disks of eosino- 
philic material, if they did represent old 
hemorrhage, must have been of capillary 
origin. The fact that the blood elements 
were unrecognizable would indicate that 
these small foci of hemorrhage were not 
recent. The only other pathologic change 


Table 3. — Protocol op K^ddit 24 



B. 

H. AUosari 100 mg./kg. injection S/25/44. 


Augu**! 

September 

October 

November 

FftstinR blood rIucosc, 





mg./ 100 ml. 

78 

4S0 



Urine: 





Glucose, Bm./24 br. 

0 

3G 



.Acetone .... 

0 

2-t- 


. 

D/N ratio .... 


.. . 



Fen't chances; 





OD .... 

Normal 

Lens spot at G o’clock 

Early pcriph- 

More marked 




cml 

peripheral dif- 





fuse central 

OS 

Normal 

«... 

Early periph- 

More marked 




oral 

peripheral dif- 





fuse central 

Uetinjj ..... 

Normal 

C fine capillary hemor- 

llemorrliase in 

Hemorrhage still 



rhagic areas along 

both eyes 

present 



posterior vc«*sels 

numerous 




OD OS normal 



Total plasma protein 

Serum 

9/12/44 



Gm /lOO ml. . . 

4.74 

4.59 



Mbumln: 





Gm./lOO ml. . . 

3.38 

2.20 



% . . . 

71 20 

49.20 



a Globulin: 





Gm./lOO ml. . . 

0.20 

G.30 



Vc 

4 20 

0.50 



-Globulin; 





Gm /lOO ml. 

0 jG 

1.24 



% . . . 

U 90 

27.00 



-/-Globulin- 





Gm /lOO ml. 

0 00 

0.40 



% . . . 

12 70 

8.70 



I ibrmoRcn* 





Gm /lOO ml. 


0,30 



% • • . 


8. CO 




Jnnu'trs 

31 

0 

0.91 

Diffuse so 
retina could 
not be «*H‘n 


Diet; O'lt.s, carrot^ and erten** . , , , . . , ,i i ^ 

Notc — ^\cre dnbetes in an untrcitcti fcmnic rabbit ♦‘howini; mirlvctl in total albumin and - 

friction** ClnnRO^t ma> Iiinc bt'cu inlcru»ifio<l and hastened bv rcpeTt'*<l plaxmaj>bort.*5ia prior to administraii 
alloxan. 

liletl 20 ml. S^22 23 and 24 Cell« returned 


compressing the ganglion layer. Witliin 
these foci there were some pale, minute 
golden brown pigment granvilcs of variable 
.size. Similar pigment granules were also 
present in the ganglion layer in this region. 
Tlie di‘:k-like eosinophilic foci suggested 
agglomenitc<l, disintegratcrl red blood 
corpuscles but definite corpuscles could 
not. he identified. In the g.mglion layer, 
especially in the region of the eosinophilic 
disks, there verc a inodentte ninnhcr of 
tlilatetl caj)ilhirie> filled w'uli re<l blootl 
corpuscles and '•ornc of tlicse capillaries 


in tlicsc eyeballs was lenticular cataract, 
which Wits most markctl in the cye.s of R-" 
and only beginning in R-.3 and R-I7. 

R-3I tlid not show the changes in the 
retina dcscriited above. The only change 
observed was vacuolization in the optic 
nerve. The nature and significance of 
this was not tleterinined. 

It may he notetl that fundus examina- 
lion of R-3, R-7 and 11-17 had shovn 
con-iderably more extensive cxipilfary iirni- 
firrhagcs than "ere oh-erved itt R-.31. 

Where phe-tna proteins vere e.xperim<n- 
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Tablu 4. — Rubation or Sevehitv and Dubation of Alloxan Diabetes to Development of Eie 

Changes in Rabbits 


Severity of diabetes 


Urine 


Rabbit 

and 

breed 

Blood ^ 

glucose Glucose 

(mg./lOO ml.) (gm /24 hr.) Acetone 

D/N 

2M . . . 

... 340 

22 

2+ for 2 whs after 

, 

3A . . . 

. . . 340 

31 

initial diabetes; 
none later 

4+ for 4 whs,; 0 to 


5A . . . 

... 350 

17 

trace afterward; 
21st wk. 2+ 

4+ to trace for 3 


7A . . . 

... 235 

17 

XX hs. 

0 

0.79 

8A 

... 200 

12 

0 

0.50 

13BH . . 

... 325 

20 

1+ for 1 wh. 


14B . 

... 255 

13 

0 

. . 

1.5G . . 

190 

7'racc 

0 

. . 

17BH 

. . 280 

20 

0 

oIto 

18A 

, 254 

22 

0 

23A . . 

. 400 

24 

0 

1.00 

24BH-f 

450 

30 

1 to 2+ 2iid and 

0 91 

25Bn' . . 

300 

23 

3rd XX h, 

Tr.icc Ist XX h. 

1.75 

27Bn* 

• 

23 

0 


28BIIt . . 

.... 

31 

4+ 1st xxh. 

2 00 


31BII1 


10 

0 

0 75 

32BHi . ... 


35 

0 

2.35 

35BH 


32 

0 

3.58 

30BH 


28 

4-f 1st xxceh 


4flBlI . ... 


25 

• 

0.75 

IBH normal contiol . 

. 

0 

0 

0 

33BHt normal contiol . 


0 

0 

0 

20Bnt . . . . 

00 

0 

0 

0 


Duration of linbttes at onset 
Capillary 

Lens changes hemorrhages 
(whs ) (wLs ) 

3 

S 5 


5 

5 17 
Occasional vacuoles 

12 14 

2 

4 
10 

3 14 

8 10 

■> 

3 1 

3 1 

.. Aneurjsma! 

dilatation of 
1 venule 

0 

Corneal scar and 
haziness 
15 

Lens opacities 
both eyes 

6 3 

5 
5 
3 
3 

1 large aacuolc 
Normal for 26 wks 
observed 

Normal for 12 i\ks. 
observed 

Normal for 24 whs. 
observed 


" Rcpcitedlj bled before alloxan Diet- oats unless marhed t indicating Purina diet. 

+ .\pparently resistant to alloxan. No diabetes, after 2 intravenous injections of 100 mg. per hg. 
t, albino; B, brown; M, mixed; GR, gray; BH, Belgian hare. 
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tallj' depleted by plasmapheresis before 
the production of diabetes, retinal changes 
developed more rapidly. The fundi were 
examined after plasmapheresis and prior 
to alloxan administration to be sure that 
depletion of plasma proteins alone was 
not responsible for capillary bleeding. 

Tlie toxic effect of allo.xan was prob- 
ably not responsible for the capillary 
bleeding, for in some cases it was first 
observed 3 to 4 months after administra- 
tion of the drug. 

In 2 normal rabbits and the 1 which 
failed to become diabetic after 2 injection.'; 
of alloxan, the eyes were normal on all 
e.xaminations. These rabbits received the 
same diets as the diabetic animals. They 
were bled and the retime e.xamined at the 
same intervals. 

Summary. Plasma protein fractiona- 
tions (Tiselius technique) were made on 
24 rabbits before and after the develop- 
ment of alloxan diabetes. In severe dia- 
betes with acidosis there was a marked 
increase in the /3-globulin and a decrease 
in the albumin level. With disappear- 
ance of acidosis, either following insulin 
treatment or spontaneous adjustment, the 


/3-globulin level became normal. In some 
cases with insulin therapy, the albumin 
approached tlie normal value. 

In mild diabetes, without acidosis, there 
was frequently a decrease in the total 
plasma protein, but little change in the 
relative percentage of the various fraction.^. 

Twenty-one of the rabbits showed pro- 
gressive lens changes and S showed minute 
capillary bleeding in the retina. Tlie 
plasma albumin was usually markedly <le- 
creased and the /3-globulin increased at 
the time tliat hemorrhages were observed. 

The rabbit which failed to develop dia- 
betes following injection of allo.xan also 
failed to show any plasma protein changes 
or eye abnormality. 

Conclusions. Plasma protein change.^ 
which occur in the rabbit with allo.xan 
diabetes (i. e., a marked increa.se in the 
^-globulin and decrease in albumin level.s) 
are similar to those which are ob.scrved in 
human diabetes. The development of 
ocular complications in rabbits demon- 
strates a further similarity between dia- 
betes mollitus in man and diabete.s pro- 
duced by allo.xan. 


XVo wish to oxpres-s our sincere appreciation to: Dr. F. B. Peck of the Lilly Research Laboraforir* 
for Bcncrous supplies of %itamins and insulin; Dr. J. Murray .Scott of .Ayerst McKenna & narri'on. 
and Dr. Merton C. Lockhart of the Lcdcrle Lalwratorics, Inc., for vitamins. Mr. James Clark pave 
valuable technic.al assistance throuphout the course of the experiments. Wc are indebted to Dr. .\. D. 
Ruedemann, Dr. E. Perrj' McCuilaph and Dr. Inane II. P.ape for aid and suppestions durinp the course 
of this work. Wo wish to thank Dr. Ilarrj" Goldblatt for the histolopic examination of the rabbit eye*. 
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It is reasonable to assume that a variety 
of antibiotic agents will be available to the 
physician in the near future. Already 
penicillin and tyrothricin are available for 
the treatment of many infections caused 
by gram positive organisms. Altliough 
still in the experimental stage, streptomy- 
cin shows promise in combating diseases 
due to gram negative bacilli. No doubt 
other antibiotics will be developed with 
more or less specific activity for certain 
types of bacteria. 

When several antibiotic agents are 
available, the clinician will be faced with 
the problem of selecting the correct one. 
Among the factors which will influence 
his decision, the most important is the 
relative susceptibility of the infecting 
organism. For example, H. inflncnzcE is 
moderately resistant to penicillin^ but 
highly susceptible to streptomycin; pneu- 
mococci are penicillin susceptible but many 
strains are quite resistant to streptomycin. 
Neter” studied tlie relative susceptibility 
of staphylococci to penicillin, tjwotlnicin 
and streptothricin and found a variety of 
susceptibility patterns. Resistance to 1 of 
the antibiotic agents does not appear to 
be related to resistance to the other 2. 
Strains of the same species not only dis- 
play variation in relative susceptibility to 
2 dilTercnt antibiotics but they also show 
marked differences in their susceptibility 
to a single antibiotic.® For example, 
Bondi and Dietz^ found 13.9% of 116 
freshly isolated staphylococci to be re- 
sistant to penicillin. Buggs and his asso- 
ciates® liavc likewise shown that there is 


great variation in the susceptibility of 
strains of the same species to streptomycin. 

In view of the increasing number of 
available antibiotics, it is apparent that 
adequate bacteriologic study of infectious 
diseases should include routine tests for 
susceptibility. Several methods®^®’’^'* are 
available for determining susceptibility to 
penicillin. These procedures, however, 
require first the isolation of the organism 
in pure culture and on the following day 
the determination of susceptibility. Al- 
though the results are reasonably accurate, 
a delay of 2 days from receipt of the speci- 
men is inescapable. Furthermore, in the 
instance of a mixed infection separate 
determinations must be carried out for 
each organism. A simple and more rapid 
test would be desirable even at the sacri- 
fice of some degree of accuracy. Such a 
test is described in this paper. 

The procedure to be reported is a modi- 
fication of that described by Vincent and 
VincenB® for the assay of penicillin. By 
placing filter paper disks saturated with 
antibiotic solution on the surface of a 
blood agar plate immediatelj^ after inocu- 
lation wdth a clinical specimen, it is pos- 
sible to test susceptibility at the same 
time the primary culture is made. Fol- 
lowing overnight incubation susceptibility 
of the organisms is determined by meas- 
urement of zones of grovsi;h inhibition sur- 
rounding the disks. Thus, an evaluation 
of susceptibility can be obtained within 
24 hours, regardless of whether the culture 
contains 1 or several types of bacteria. 
Furthermore, as many as 3 different anti- 
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biotics may be compared simultaneously, 
although to date the authors’ experience 
is limited to the use of penicillin and 
streptomycin. 

Method. In this laboratory' each specimen 
is streaked in an identical manner on 2 blood 
agar plates, 1 each for aerobic and anaerobic 


incubation. The medium is a veal infusion 
agar prepared according to the method of 
"Wright'® to which is added 29;;. trypto=o 
and 10% defibrinated horse blood. The 
swab or loopful of fluid is dra'i\'n once ncro'< 
one side of the agar surface. This primary 
inoculum is restreakcd -nith a sterile inocu- 
lating loop and is spread with parallel streak- 



I'm. 1. — D:-V tr-r-: voni npnr witti -fr coDtnininr 10 , V'"* 

Itiriof!. In cni'h fiirirp on Ii'fc of plato i** unit* ml-J, f 

ru!it TTith “irop tom vein (500 /, aurru"; (J'; rr.nO - 

Iin: “ii-ocptiV.o (10 mm.’i tn «tr(*p^oniyrin. 2, Utmolytir **rt ptO'‘o'*ni* ; ’.cr>' ^ 

tn 7 ^'ni''Ul:n;; (0 mm.’’ to “treptomyrin. S. j*' 'u'-IUri: m ry -’j- » ;> - 

p,^r. (10 nimO to «*.rrptomycin. >1. I’rt#*rt>rf»ri-ii^; rno^^<'^n♦#'Iy nirn.t j-*' ('m’j . 

to mvciri. H*'mo!yti'* mm i fo j'" 

j,», i» f'* ; • nifn.f fo «'*rr’piorr:> 
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ing over one-third of the surface of the plate. 
After flaming the loop the plate is succes- 
sively turned at right angles and streaked 
in the same manner, care being taken to 
touch the previous inoculum with each 
streak until the entire surface has been 
covered. 


following preliminary trials with various 
strengths of each. 

Following overnight incubation, both 
plates are examined for colony identification 
and for evaluation of the susceptibility of 
the predominant or pathogenic types pres- 
ent. Susceptibility is evidenced by the 


Tahi.k 1. — Relative Susceptibilitv by the Disk Method in Terms of Units 



Zone of 
inhibition ; 

Susceptibility 

Relative 

Agent 

mm. 

range 

susceptibility 

Penicillin 

. . >20 

<0,1 units/ml. 

Very 


10-20 

0. 1-0.4 units/ml. 

Moderate 


<10 

>0.4 units/ml. 

Resistant 

Streptomycin 

. . >15 

<4 pg./ml. 

Very 


10-15 

4-15 fig.lml. 

Moderate 


<10 

>15 pg./ml. 

Resistant 


Table 2.— Susceptibility of Bacteria* by Disk Method 


Penicillin 


Organism 

strains 

Very 

Mod. 

Resist. 

/8-Hemolytic streptococci . 

17 

15 

2 

0 

Viridans streptococci 

10 

8 

1 

1 

Non-hemolytic streptococci 

9 

5 

0 

4 

Enterococci 

4 

2 

1 

1 

Staphylococci 

8 

G 

0 

2 

Pneumococci 

10 

8 

2 

0 

E. coli 

11 

0 

0 

11 

A, mrogenes . 

0 

0 

0 

2 

Klebsiella 

1 

0 

0 

1 

Proteus 

2 

0 

0 

2 

Pa. pyocyanea 

0 

0 

0 

G 

H. influenzx . 

16 

0 

1 

15 


Streptomycin 


Very Mod. 

1 2 

0 2 

1 2 

0 0 

7 1 

0 1 

8 3 

2 0 

1 0 

2 0 

0 2 

11 5 


Resist. 

14 

8 

6 

4 

0 

9 

0 

0 

0 

0 

4 

0 


* The significant organisms encountered in 54 selected clinical specimens. 


Disks of Whatman No. 2 filter paper, 
6.5 nun. in diameter, are cut nith a cork 
borer or paper-punch; these are sterilized 
in a petri dish in the hot-air oven. By 
means of alcohol-flamed, fine-pointed for- 
ceps 1 of the disks is dipped into a solution of 
commercial penicillin carrying 15 units per 
ml. Excess solution is removed by placing 
the disk flat against the wall of the tube. A 
disk saturated in this fashion is placed 
gently on the surfaces of each of the inocu- 
lated plates in the area of the primary 
inoculum on the left side of the plate. In 
similar manner a disk saturated with a solu- 
tion of streptomycin canying 500 fig. (500 
K coli units) per ml. is placed on the right 
side of the plate (Fig. 1). The disks should 
be at least 20 ram. apart and on a line par- 
allel to the line of streak so that the inoculum 
around both disks is comparable. The 
recommended concentration of the solutions 
of penicillin and streptomycin were adopted 


absence of growth around the disk, the 
larger the zone the greater the suscepti- 
bility, These zones are generally well de- 
fined and the diameter is readily measured 
with a millimeter ruler. 

By comparing the size of the inhibition 
zone with the results obtained by streaking 
the same organism on the surface of agar 
containing known concentrations of anti- 
biotic, it was possible to evaluate zone size 
in terms of units. It was convenient, fur- 
thermore, to emploj^ the relative terms, 
“very susceptible,” “moderately suscept- 
ible” and “resistant.” The data on which 
these evaluations were made appear in 
Table 1. 

Comment. The penicillin and strepto- 
mycin susceptibilities of the significant 
organisms encountered in 54 selected clini- 
cal specimens as determined by the disk 
method is presented in Table 2. In gen- 
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eral the results have been very satisfac- 
tory. The susceptibilities as determined 
by tliis method compare well ivitli those 
obtained by more sensitive methods.*-" 
It is not the intention of the authors, 
however, that this method should replace 
the more sensitive methods. It is designed 
as a routine test and as a guide in therapy. 
It may be carried out in any hospital 
laboratory. The rather broad limits of 
susceptibility by this method are believed 
to be sufficiently accurate for the purpose. 

In determining criteria of susceptibility 
the autliors were guided by blood level 
concentrations of both agents which are 
usually attained by recommended do- 
sages.® Concentrations of penicillin and 
streptomycin greater than 0.5 units and 
25 Mg- per ml. of blood respectively arc 
difficult to maintain for prolonged periods 
of time. It is not to be expected that 
infections caused by organisms witli sen- 
sitivities of this magnitude or greater will 
respond to penicillin and streptomycin 
therapy. 

Certain precautions arc recommended 
in carrying out the test. ^Yhercas the 
solution of streptomycin is quite stable 
and may be used for several weeks if 
stored in the refrigerator, the solution of 
penicillin should be prepared at least once 
a week and likewise stored in tlic refrig- 
erator. Solutions of both agents in the 
concentrations recommended arc best pre- 
I)arcd in N/15 phosphate buffer, pH 0 
for penicillin and pH S for strepto- 
mycin. Disks should be placed in com- 
parable positions with respect to inoculum. 
Tile amount of growth naturally influences 
zone size, although slight variations in 
zone size do not materially affect final 
evaluation of relative susccptiiiility. Oc- 
casionally, heavy growth of a resistant 
organism may m:usk zones of inhibition 
of sU'Cejitible organisms. In .such in- 
stances it may fie necessary to suficulture 
the latter organisms to fri-sh plates and 
repeat the test-.. Inocula from spe-cimcri' 
from the upper rcspinitorj- tract or from 
the inte>t!n.a! imcl where a hrge nonnaf 
flora i' gen'-rally present should l><- kept 


to a minimum to prevent overgrowth In- 
.such resistant organism.s. 

Occasionally, one encounters within a 
zone of inliibition a colony or colonics of 
a susceptible organism. The authors have 
considered such colonies resistant variants. 
The production of these resistant forms 
by an organism which appears to be sus- 
ceptible may be of great importance in 
view of the recent reports concerning the 
mechanism of development of resistance 
to penicillin^ and streptomycin.® In evalu- 
ating the susceptibility of such a culture, 
the possibilitj' of resistant variants being 
produced should be taken into account. 

Streptomycin differs from penicillin in 
that it diffuses poorly’ and is adversely 
affected by certain ingredients in culture 
media.®-® In an attempt to offset the 
smaller zones produced by streptomycin, 
a high concentration (500 gg. per ml.) of 
that agent was employed. ^Moreover, 
since tlie activity’ of streptomycin is re- 
duced under anaerobic conditions,®-® zones 
of inhibition on anaerobic plates are cither 
absent or smaller than those on the 
aerobic plates. It is recommended, there- 
fore, that only tJic aerobic plate he u.sed 
in evaluating susccptiiiility to this agent. 
This is not true of penicillin; the zone.-; 
produced by’ this agent arc similar on both 
plates. 

This method may’ be used readily for 
testing susceptibility to any antiliacterial 
agent which is water-soluble and diffu.sible 
in agar. Susccptiiiility’ to tyrotiiricin wa-i 
attempted by’ this method but was un.-iuc- 
cessfiil because of its insolubility. Mor- 
ley" recently described a test similar to 
that of the authors in wliicli detennina- 
tioas of sii.sceiitiliility’ to sulfathiazolc a- 
well as penicillin were attemptcfi. As a 
whole the results with sulfathiazoh- were 
{KKir and did not nfipear to warrant u-e of 
thi-; method for the routine testing of 
sii'-reptibility to siilfonaiiiidi-s. 

Aside from it.- value in th-tennining 
sU'Ceptibility, the routin'- ii-'- of tbii te t 
a'-'i'-ts in c-oloriy identification. IVith a 

getier.d krifr.v[r-<ige of the relative -.u.erp- 
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tibility of the important pathogens to 
penicillin and streptomycin, one is often 
guided by the zones of inhibition in 
identifying colonies of H. mfluenzx and 
other bacterial types. 

Summary. A simple method is de- 
scribed for determining susceptibility to 
penicillin and other antibiotics at the time 


of primary isolation. Its essential feature 
is the placing of filter paper disks satu- 
rated with antibiotic solution on the sur- 
face of a blood agar plate immediately 
after its inoculation with a clinical speci- 
men. The routine use of this procedure 
provides valuable assistance in the selec- 
tion of the proper antibiotic agent. 
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THROMBOPHLEBITIS ON THE MEDICAL SERVICE OF A GENERAL 

HOSPITAL 

By Horace IT. Hodges, Captaix, M.C., A.U.S. 

Nomux E. Freejiax, IMajor, M.C., A.U.S. 

(From the Medical Service of the 20th General Hospital) 


The subject of thrombosis and embolism 
has received increased attention in tlie 
surgiciil literature during recent years. 
Tiiis has resulted from the recognition of 
the condition of quiet deep venous throm- 
bosis originating in the foot and calf (the 
“bland thrombosis” of Homans and tlie 
“phlcbothrombosis” of Ochsner) and the 
introduction of surgical treatment in the 
form of proximal ligation and throm- 
bectomy. 

The frequency of thrombophlebitis com- 
plicating medical illness is often not fully 
appreciated by the internist, and conse- 
quentlj- this complication is all too fre- 
quently unrecognized during its early 
stages. Likewise, proper preventi\ c meas- 
ures are often neglected. Constant vigil- 
ance must be maintained to arrive at 
early diagnosis, upon which depends the 
prevention of pulmonary embolism and 
limitation of dis.ibility from residual 
venous obstruction. During tbe first IS 
months of operation of this Genera! 
Hospital on the .A.ssam-Burma border, 
thrombophlci)itis was rarely diagnosed on 
the Medical Service. In recent months 
the occurrence of pulmonary embolism in 
several patient.s with scrub typhus ha.-, 
directed our attention to the frequence 
and imjmrtance of deep venous throrn- 
bo'i.«. During the pa.-.t -1 months (Xov. 'd-J 
to Feb. ’•!.')!. throinbophlcbiti'; has been 
diagno-ed 10 time-, in 0 patients. The-e 
casc^ have been analyzed and the problem 
of thrombophlebitis in gener.d i> di^cu— ed 
with reference to tiie more rc<'cnt rejKirt--. 

Material. Then- vc.-c 10 in-t.-irici-, of 
thrornbophl-'biti-, r)cruiTin': in P jj.itii-nt.-, 
all of whom were ,\iiurican --ohlicr-. 
Light ('f tli‘-'>- dc\el<qx-i! in piti'-nt-. with 
jcnib tvph.u- during the man vgement of 


130 consecutive cases of this disease — an 
incidence of 59c. One developed in a 
patient suffering from a depressive psy- 
chosis and one in a patient with acute 
infectious arthritis. 

All occurred in the lower extremity. 
There were 6 instances of primary in- 
volvement of calf veins, in 2 of which the 
process extended into the femoral veins 
(Cases 1 to 5). Tliere were 2 insttmccs in 
which the tlirombophlcbitis app.arcntly 
originated in the pelvic (ilio-fcinoral) veins 
(Cases S & 0). In 2 patients the site of 
origin could not be accurately determined, 
since the process involved the whole ven- 
ous system of the leg from calf to pelvis 
at the time of recognition (Cases G & 7). 
A brief summarv of each case is given in 
Table I. 

Diagnosis. The early recognition of 
thrombophlebitis complicating an illness 
depends upon the alertness of the physician 
and a knowledge of the early manifesta- 
tions of such a lesion. 

(1) Thromhophlcbiiix Umitrd lo ihr rnlf 
Tcim. Symptoms and signs were pre.-ent 
(jiiite early in our c:ise.s of decf) calf vein 
thrombods. In all G cases attention wa- 
directed to the lesion by the complaint.-! of 
<li.-!Comfnrt and stiffness in the aifcctcfi 
calf. Such mild symptoms flo not ahvay.-* 
evoke spontaneous complaint from n 
patient whose attention is contertsl uix^m 
other more di^tre^dng ailment--. In ivo 
iii'-Umet-s .specific tjue--ta)ning was n'-C'' ■ 
.sary to a-eertain the pre-cner of <a!f 
rli-eomUtrt. Homan-’ .'-ij-n (iiuTi-.'i'-i-ii pain 
in (he calf on [cis-ivc f!or-i-/!etion <>l the 
foot .•I'-onated with ten-<-t)<-.. lo ji.dpa- 
tioii) wa-. jir>-.eiit in all r.i-/-- at th<' time 
-ymi'tom- wt-re fir-t notr<i. ,\ppr<-ci d;I'- 
-wi-iiirig and va -omotnr, rnh,r, and 
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the lumen of the femoral vein if the wall 
of that vein is not actually involved in the 
process. 

(3) Ilio-fcmoral ihrombophlchiiis. Frank 
ilio-femoral thrombophlebitis gave signs of 
more severe inflammation and obstruction. 
Rather marked pain and tenderness were 
present in the lower abdomen and femoral 
triangle. Swelling of the whole extremity 
from groin to foot was present in addition 
to heat, cyanosis, and superficial venous 
dilatation. In the upper tliigh, the sulcus 
medial to the femoral arterj', occupied 
normally by a compressible vein, was 
obliterated and the femoral arterial pulsa- 
tion was reduced. Fever was present, 
intermittent in character and often reach- 
ing 104° F. 

Cases 8 and 9 were instructive. These 
two patients were afebrile, ambulatory 
and convalescing satisfactorily from scrub 
typhus when a secondary rise in tempera- 
ture occurred. As no other cause for fever 
was found, they were carefully examined 
daily for signs of a suspected thrombo- 
phlebitis and none was found for several 
days. Then suddenly in both of these 
patients, the findings of a moderately 
advanced ilio-femoral thrombophlebitis 
appeared. Even tlien signs of calf vein 
involvement were absent. 

Treatment. For therapeutic purposes, 
our patients were divided into 3 groups: 
(1) those with signs of calf vein involve- 
ment only, (2) those with signs of both 
calf and femoral vein involvement, and 
(3) those with frank ilio-femoral thrombo- 
phlebitis. 

In the first group, treatment consisted 
primarily of lumbar paravertebral procaine 
injections. We believe that this method 
is safe if one can be sure that the lesion is 
early and that no thrombus is present in 
the femoral vein. 

For the second group, we employed 
ligation of the femoral vein. Lumbar 
paravertebral procaine injections were 
used only for the relief of pain after 
ligation. 

The third group was treated with hep- 
arin, this being the only anticoagulant 


available to us. Heparin was administered 
by continuous intravenous drip at a rate 
sufficient to maintain the clotting time 
between 30 and 40 minutes. “Bicycle” 
bed exercises were instituted on the third 
day of heparinization and the patients 
were made to walk on the fourth day. 
The use of paravertebral procaine injection 
in a patient who is receiving anticoagulant 
is definitely contra-indicated because of 
the danger of retro-peritoneal hemorrhage 
from needle puncture of vein in the para- 
spinal region. 

In all 3 groups elevation, compression 
bandage, bed exercises, and earliest possi- 
ble mobilization were used routinely. 

Results. (1) Thrombophlebitis limited 
to the calf tcins. The results of procaine 
sympatlictic block were satisfactory in 
3 patients (Cases 2, 3, 5) with thrombo- 
phlebitis limited strictly to the calf. There 
was prompt symptomatic relief with no 
c.xtension of the tlirombosis after the first 
injection. A single injection was sufficient 
in 2 instances, whereas 3 injections at 
daily intervals were necessary in tlie other. 
There was no residual disability and all 
of tliese patients were returned to full 
military duty. The remaining instance 
of tluombosis limited to the calf veins 
was untreated because of failure to diag- 
nose the lesion at an early stage. 

(2) Thrombophlebitis limited to the calf 
and femoral veins. One patient (Case 4) 
with calf and femoral vein involvement 
received a paravertebral procaine injec- 
tion. Eight hours later this patient 
suffered a severe pulmonary embolism and 
the femoral vein was ligated immediatelj'^ 
thereafter. In retrospect, this appears to 
have been an error in judgment. Follow- 
ing the ligation in this case tliere was per- 
manent relief of pain in the leg. In one 
other case of calf-femoral vein thrombo- 
phlebitis in which the femoral vein was 
ligated, pain from venous spasm persisted 
until relieved by lumbar sympathetic pro- 
caine block. Both of these patients had 
residual swelling and disability severe 
enough to require disposition to the zone 
of the interior. 
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(3) Ilio-femoraL thrombophlebitis. Good 
results followed heparin therapy in 3 
treated cases of ilio-femoral tlirombophle- 
hitis (Cases 7, 8, 9). The process quickly 
subsided and no embolism occurred. In 
one of these (Case 8), the administration 
of heparin was discontinued after 6 days. 
Three days later, signs of acute deep calf 
vein thrombophlebitis appeared. These 
signs subsided rapidly after one lumbar 
paravertebral injection of procaine. There 
was one febrile reaction apparently due to 
heparin. This patient experienced a chill 
followed by fever of 104° F. for which no 
other cause could be found. The fever 
disappeared within a few hours following 
the discontinuance of herapin. The re- 
maining case of ilio-femoral tln-ombo- 
I)hlebitis (Case 6) was untreated since it 
was quiescent when discovered. All of 
these patients had rather marked residual 
disability necessitating evacuation to the 
zone of the interior. 

Comment. Considerable advances have 
been made in recent in the understanding 
of the fundamental problems of thrombo- 
phlebitis. Recognition of the fact that 
the pelvic veins are not the usual primary 
site of thrombophlebitis is of major im- 
portance. While the majority of throm- 
botic processes originate in the foot and 
calf veins, the pelvic veins are occasionally 
the initiating site.** Observation of cases 
8 and 9 supports this Anew, 

The term “phlebothrorabosis” has be- 
come used to differentiate between sup- 
posedly non-inflammatory A'^enous throm- 
bosis and frankly inflammatory ilio- 
femoral tlirombophlebitis or phlegmasia 
alba dolens. It may be tliat this concept 
is not strictly accurate. Except in cases 
of purely traumatic origin, it appears that 
all venous thrombosis is associated Avith 
inflammation of the A'ein Avail, that asso- 
eiatcd Avitli phlebothrombosis differing 
only in degree from that in ilio-femoral 
thrombophlebitis. Jensen*® has called 
attention to the presence of microscopic 
inflammatory changes in sections of fem- 
oral A’eins remoAcd at opcratioii from 
cases of so-called phlebothrombosis. 


Many cases of pulmonary embolism 
occur before the site of the thrombus has 
been detected. Thrombosis originating in 
the calf with a long, unattached, non- 
obstructive, centrally propagating throm- 
bus is responsible for the majority of 
these cases.*^ With constant vigilance on 
the part of the physician, many of these 
instances of calf vein thrombosis may be 
detected in time to preA>-ent pulmonary 
embolism. When the picture of ilio- 
femoral thrombophlebitis has become man- 
ifest, there is much less danger of embol- 
ism; then obstruction to the lumen is 
complete, the thrombus is firmly attached, 
and the likelihood of a detachable throm- 
bus extending beyond the junction of the 
external and internal iliac veins or of the 
two common iliacs is not great. 

There have been three major therapeutic 
approaches to the problem of thrombo- 
phlebitis: (a) anticoagulant therapy, (b) 
sympathetic block by use of lumbar para- 
A^ertebral procaine injections, and (c) 
surgical treatment by ligation of the vein 
above the thrombus with or without 
thrombectomy. 

Following its introduction in 1938 by 
Murray and Best,*® heparin has been 
rather widely used to increase the coagula- 
tion time of the blood. Its utility has 
however been somewhat limited by diffi- 
culty of constant intravenous administra- 
tion and expense. More recently LoeAve 
and Rosenblatt*^ have reported the use of 
heparin-Pitkin menstruum subcutaneously. 
Subsequently Loewe, Rosenblatt, and 
Hirsch*® ha Am reported good results in 
treatment of 125 cases of thrombophlebitis 
of Amrious types with heparin-Pitkin men- 
struum. Bauer^ from Sweden has reported 
enthusiastically on the efficacy of heparin 
in preAmnting extension of thrombosis. 
During a 5 year period while intermittent 
intraAmnous heparinization Avas used, only 
3 fatalities from embolism occurred in 
209 cases of deep thrombosis, as compared 
with 47 embolic deaths in 264 cases of 
thrombosis before heparin therapy was 
used. ^ One of his deaths occurred before 
heparin Avas administered. One occurred 
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from fresh thrombosis in the opposite leg 
after discontinuance of heparin, the pa- 
tient having not been allowed out of bed. 
He calls attention to the importance of 
mobilizing patients before heparin is dis- 
continued. ^lost of the heparin failures 
have resulted from allowing the patients 
to remain in bed after the anticoagulant 
was discontinued. 

Because of the ease of oral administra- 
tion, dicoumarol has become popular as 
a means of delaying blood clotting. How- 
ever its use is limited by the necessity of 
having laboratory facilities available for 
the daily determination of blood prothrom- 
bin levels. Dicoumarol has been exten- 
sively used by Barker and his associates*'*'® 
in both prophylaxis against and treatment 
of tlirombo-embolism. In a group of 138 
cases of postoperative thrombophlebitis 
treated with dicoumarol, the^’ had no fatal 
embolism and only 4 patients developed 
subsequent episodes of thrombophlebitis.® 
Yahr et al.~^ have also recently reported 
good results in 57 cases of thrombophlebitis 
of various types treated with dicoumarol. 

The lumbar sympathetic block was 
introduced by Leriche'® and popularized 
in this country by Ochsner and Dc- 
Bakey.'®''®'“ Good results, both immedi- 
ate and permanent, have been cited by 
these and other authors from the use of 
this procedure in various tjq)es of tluora- 
bophlebitis. However Ochsner^ has re- 
cently advocated that use of this procedure 
be reserved primarily for relief of vaso- 
spasm associated with ilio-feraoral throm- 
bophlebitis. 

Interruption of the venous channels as 
a means of treating thrombophlebitis was 
initiated bj’’ Homans in 1937.*® Since then 
the trend has been toward more frequent 
use of vein ligation and thrombectomy. 
There are many reports of good results 
follo'wing surgical treatment of this na- 
tmre.*'''®'®’*°'***'**'**'“'®* ^ It has become 
common practice to ligate both femoral 
veins in the attempt to prevent fmther 
embolism even though signs of thrombo- 
phlebitis may be limited to one leg. 
Homans** has advocated the use of iliac 


or vena caval ligation in cases of repeated 
embolism. Some have advocated the use 
of anticoagulants in conjunction -with 
interruption of the venous channels and- 
(or) thrombectomy.®' **■-* 

Even so, it remains apparent that no 
one of the procedures at use at the present 
time is adequate for the management of 
all forms of venous thrombosis or for the 
prevention of embolism. Unexplained 
failures have been noted with dicoumarol® 
and embolism has occurred following the 
use of heparin.*'*® We have had a case of 
embolism following the use of sympathetic 
block. Six per cent of patients who have 
had embolism prior to vein ligation have 
a repetition of embolism following this 
procedure.® Dennis'* has reported a case 
of severe ischemia following femoral vein 
ligation. The patient almost lost his leg 
and was still unable to walk on it 6 months 
later. This author strikes a note of warn- 
ing and conservatism regarding indiscrim- 
inate vein ligation. One has to admit, 
then, that we have no perfect method with 
which to combat thrombo-embolism at the 
present time. 

It has seemed to us that the indications 
for the use of one or more of the major 
forms of therapy differ considerably de- 
pending upon such factors as the site of 
origin of the thrombotic process, its dura- 
tion and extent, and whether or not 
embolism lias already occurred. By using 
sympathetic procaine block therapy for 
the group witli thrombophlebitis limited 
to the calf, we were able to return this 
group to full military duty. Had femoral 
vein ligation been employed, disability 
sufficient to prevent return to full duty 
would have resulted. The use of sympa- 
thetic block for this sort of case is said by 
many to be dangerous and we emphasize 
that one should be extremely careful to 
select for this procedure only patients in 
whom the process is known to be earty 
and in whom there are no signs to indicate 
thrombosis above the knee. Barker et al.^ 
state that there is evidence that when 
thrombophlebitis is diagnosed clinically, 
the thrombus which is present will almost 
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certainly not detach and become an em- 
bolus. Tlie use of sympathetic block 
would seem particularly suited to the 
patient who develops calf thrombophle- 
bitis after he has become ambulatory. 
The danger of embolism .should be small 
indeed and they are spared the “minimal” 
immediate disability and the undeter- 
mined amount of permanent disability 
resultant to femoral vein interruption. 
In the one case in which embolism followed 
sympathetic block, it is noteworthy that 
there was clinical evidence of extension of 
the thrombosis into the femoral vein at 
the time of the procedure. The danger of 
embolism is greatest when a propagating 
thrombus occupies the lumen of the 
femoral vein. In such instances, it appears 
safest in spite of the disability which 
results to remove the clot and ligate the 
vein, perhaps employing anticoagulants 
subsequently. In ilio-femoral thrombo- 
phlebitis, the danger of embolism is much 
less and surgical procedures necessarily 
much more radical. Ligation of the iliac 
vein or the vena cava is a major surgical 
procedure which becomes formidable in a 
patient who is already suffering from a 
serious disease. Here it would appear that 
anticoagulant therapy is most useful. 

In view of the danger and disability 
resulting from venous thrombosis, pre- 
vention assumes a most important role. 
An understanding of the factors which 
contribute to intravascular clotting is 
essential to any program of prevention. 
Tlie principal factors in the development 
of this condition are; (1) decreased rate 
of blood flow, (2) injury to the endothe- 
lium, (3) increased coagulability of the 
blood, (4) increased vasomotor tone, and 
(5) the “X” factor — presumed to be of 
toxic nature, liberated into tlie circulation 
as a result of disease, injury, or operation. 
Factors promoting venous stasis were 
present in all of the cases presented here. 
The typhus patients were prostrated and 
confined to bed. In addition their beds 
were fitted with Gatch frames which 
allowed marked flexion of the knees and 
thighs thus favoring a certain degree of 


venous obstruction both at the knee and 
groin. De Takats'® has called attention 
to the Fowler position as a factor in venous 
stagnation. The psychotic patient lay 
immobile for long periods of time. The 
patient with arthritis was treated hy 
immobilization of the affected extremity. 
With regard to injury to the endothelium, 
rickettsial diseases in general are known 
to damage the capillaries and small blood 
vessels. However, we know of no specific 
observations concerning the condition of 
the endothelium of the veins of the legs 
in scrub typhus. We have no observations 
concerning an increase in the coagulability 
of tlie blood, the vasomotor tone, or the 
“X” factor in these patients. 

Simple prophylactic measures which 
include (1) elevation of the foot of the 
bed, (2) early institution of bed exercises, 
and (3) avoidance of the unnecessary use 
of the Fowler position, immobilization, 
and poorly applied constricting bandages 
should appreciably lower the incidence of 
thrombophlebitis. In very ill patients, 
nursing care should include message and 
passive motion of the lower extremities in 
addition to the usual backrubs. We be- 
lieve that the institution of the Army 
reconditioning program for bed patients 
as well as for convalescent patients is 
extremely important in the prophylaxis of 
thrombophlebitis. 

Summary. (1) Ten instances of throm- 
bophlebitis in the lower extremity were 
observed on the IMedical Service of this 
General Hospital during a four month 
period. 

(2) Eight of these developed in patients 
with scrub typhus fever. 

(3) Early diagnosis was not achieved 
until we began to look carefully for the 
early signs. 

(4) In our opinion, treatment of throm- 
bophlebitis should be individualized de- 
pending on the location and extent of the 
lesion. 

(a) Thrombophlebitis confined to the 
calf veins was treated by lumbar para- 
^ ertebral sympathetic block with uni- 
formly good results. This procedure prob- 
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ably tends to prevent central propagation 
of the tlirombus, embolism did not occur, 
and patients were spared the prolonged 
disability which follows femoral vein liga- 
tion. The use of heparin of dicoumarin in 
these cases might help prevent propaga- 
tion of the thrombosis. However, its use 
is usually unnecessary. The concomi- 
tant use of anticoagulant and lumbar 
sympathetic block is prohibited by the 
danger of retro-peritoneal hemorrhage. 

(b) Thrombophlebitis involving the calf 
and femoral veins was treated by proximal 
ligation. Sympathetic block was used 
only for relief of pain after ligation. In 
one case of calf vein thrombosis with 
extension into the femoral vein, para- 
vertebral procaine block prior to femoral 
ligation was followed promptly by pul- 
monary embolism. 


(c) IHo-femoral thrombophlebitis was 
treated with -heparin, high ligation being 
inadvisable in these ill patients. The 
results were satisfactory. 

(5) This choice of therapeutic methods 
for the treatment of specific thrombotic 
lesions seems rational. It has been suc- 
cessful thus far in preventing embolism 
and in minimizing disability. 

(6) In addition to these specific meas- 
ures, all three groups of patients were 
treated W’ith elevation of the extremity, 
compression bandage, bed exercises, and 
early mobilization, 

(7) Our observations suggest that all 
cases of ilio-femoral thrombophlebitis do 
not necessarily result from extension of a 
calf vein thrombosis; such a process may 
originate occasionally in the ilio-femoral 
region. 
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Tub need for an effective colloidal 
infuvsion solution without serious side 
effects stimulated a renewed interest in 
substitutes for plasma in the early years 
of the recent war. Could either the 
duration of the war or the response of 
the American people to the plea for 
blood donations have been predicted 
accurately, the program of investigations 
into plasma substitutes might not have 
been so extensive. Had that been the 
case, we could not have gained the 
knowledge of the physiologic properties 
and the physicochemical characteristics 
of so many substances suggested as 
plasma substitutes in such a relatively 
short time. 

There is as yet no accejitable substi- 
tute for blood if one is to consider its 
oxygen-carrying function. Plasma has 
been accepted through necessitj’’ as a 
“blood substitute.” The introduction of 
such materials as pectin, isinglass, methyl 
cellulose, globin, bovine albumin and 
gelatin has been for trial as substitutes 
for plasma rather than for whole blood. 
It is recognized, however, that the infu- 


sion of any colloidal solution which in- 
creases the blood volume, augments the 
cardiac output and is, therefore, a blood 
substitute in a limited sense. 

Many tliougli the functions of plasma 
may be, the greatest uses for plasma are 
in the treatment of peripheral vascular 
collapse and in the maintenance of pro- 
tein nutrition by the intravenous route. 
Inasmuch as the recent need was for a 
colloid to be used in combating shock, 
the criteria for a plasma substitute be- 
came the criteria for an agent for the 
treatment of circulatory collapse. 

The Criteria for a7i Agent for the Treat- 
ment of Shock. Certain minimal specifica- 
tions for a plasma substitute could be 
inferred from the pliysiochemical proper- 
ties of the serum proteins which are re- 
sponsible for the colloidal functions of 
plasma. It does not follow, however, 
that the properties of a plasma substi- 
tute must be identical with those of the 
serum proteins. By reasoning thus, it 
becomes easy to think in terms of physio- 
chemical structure rather than in terms 
of physiologic and clinical response. It 
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is quite possible that colloids having 
physiochemical properties at variance 
with the plasma proteins might prove to 
have advantages over plasma itself in 
special circumstances. A knowledge of 
the molecular structure, however, gov- 
erning as it does the viscosity and osmo- 
tic presure, is of great help in improving 
and perfecting a plasma substitute. 

One of the most significant factors in 
peripheral vascular collapse, no matter 
what the cause, is the diminished circu- 
lating blood voh>me. Whole blood is 
usually the ideal replacement fluid, but 
there are some varieties of shock and 
shock-like states vdicn some clinicians 
prefer a colloidal solution without eryth- 
rocytes and therefore use plasma. There 
are also times when blood is not obtain- 
able, or not obtainable without some 
delay for blood grouping and cross-match- 
ing, or not in sufficient quantity to meet 
a specific need. In these instances plasma 
is better for injection than a non-colloidal 
solution such as isotonic sodium chloride 
which dilutes the serum proteins and 
diminishes the colloid osmotic pressure, 
resulting in a greater and more rapid 
escape of fluid from the vascular tree. 

The proteins of plasma probably are 
utilized for several functions that one 
could not expect to find in a single sub- 
stitute. The chief function, however, at 
which a substitute is directed is the 
oncotic one. 

An acceptable plasma substitute should 
satisfy certain minimal physical, physio- 
logic and immunologic criteria. The 
physical properties of such a substitirte 
are: (1) stability, (2) ease of storage, 
(3) low viscosity, (4) high osmotic pres- 
sure, and (5) a colloidal particle size large 
enough to be retained in the circulation. 

From a physiologic standpoint a plas- 
ma substitute must be safe for injection 
in large quantities, must be retained in 
the circulation long enough to be effec- 
tive as an oncotic force, and should not 
interfere noth the function of internal 
organs. Of these last functions attention 
should be turned especially toward blood 


coagulation, the defense against infection, 
tissue repair, and the function of liver 
and kidneys. 

Immunologically a plasma substitute 
should not be an antigen, or at most 
should be a poor one. If any antigenicity 
can be demonstrated, it sliould not be 
associated with any sensitivity to horse 
or rabbit scrum. Any material intended 
for a plasma substitute should have a 
minimum of natural sensitivit 3 ' and no 
•associated food sensitivity. 

Gnm Acacia. Gum acacia is the one 
colloidal infusion material remembered 
from the first World War. This polysac- 
charide was used extensively until study 
of its toxicity, especially with reference 
to its antigenicity and its tendency to 
produce liver dysfunction and hypopro- 
teinemia, placed it in disfavor.'® 

In spite of its untoward side effects, 
solutions of gum acacia were good substi- 
tutes for the oncotic functions of plasma, 
and many investigations into its proper- 
ties have provided the pattern for study 
of later substitutes. 

Human Serum Albumin. One of the 
substitutes for plasma which was studied 
most extensively was human serum albu- 
min. Being derived from plasma itself 
it is not a true phosma substitute in its 
sparing effect on blood donations.' At 
the same time, since it is a fraction of 
plasma, it is subject to less criticism than 
artificial substitutes. 

Safe and effective though human serum 
albumin may be, it was prepared orig- 
inally for military use with mobile 
forces®” with relatively little regard 
to cost. Unless cheaper methods of frac- 
tionation can be achieved or the cost of 
human serum albumin subsidized, it 
seems improbable that it will enjoy wide 
clinical use in civilian medicine. 

Serum albumin has a molecular weight 
of 69,000 (plasma protein average 90,000) 
and on a theoretical basis should hold 
IS cc. of fluid in the blood stream per 
gram.’® This theoretical measure of on- 
cotic function has been confirmed by de- 
terminations of plasma volume increase 
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niter infusioii of the human serum albu- 
min.® 

Albumin solutions have a high degree 
of thermal stability'^'^ and may be given 
intravenously with a very low reaction 
rate. Globulin deficiency after repeated 
infusions has been reported.®^ Follow- 
ing the injections of serum albumin there 
is a hemodilution which is well sustained 
in depleted subjects but which is tran- 
sient in normal controls. Such hemo- 
dilution and plasma volume increase is 
most marked if additional fluids are 
given with the albumin. Fluids should 
be given with albumin infusion in de- 
hydrated patients.®® 

Serum albumin is well retained if there 
is no hemorrhage or loss through burned 
surfaces.® Infusions of albumin are ef- 
fective in the treatment of shock and 
burns and are followed by an increase in 
right auricular pressure, arterial pressure 
and cardiac output. 

Albumin is utilized like native serum 
protein, but only a small portion is re- 
tained in the circulation after injection, 
the remainder evidently being stored.®'^ 
Hypoproteinemia may be corrected if 
sufficiently large amounts are used.®® 
Study of tissues following repeated infu- 
sion reveals no evidence of pathologic 
change,®’ 

Albumin has been used in the treat- 
ment of the nephrotic state; and while 
there is a definite increase in proteinuria 
following infusion, there is not always 
an accompanying diuresis.®®*®’ There is 
but temporary improvement in cirrhotics 
following infusion of human serum albu- 
min.®’ A salt-free preparation has been 
made available which is a better agent, 
theoretically at least, for the mobilization 
of edema.’® 

Gdathi. Gelatin solutions were used 
first as a plasma substitute bv Hogan 
in 1915,"-® but were abandoned for several 
reasons. Bayliss,'* wlio had done much 
to establish gum acacia as an effective 
agent for the treatment of shock, ob- 
jected to gelatin on the theoretical ground 
that all contaminating spores might not 


be killed in its preparation. Other in- 
vestigators used methods of preparation 
of solutions at variance with Hogan’s and 
obtained different results which did much 
to discredit the earlier work. 

Between the 2 wars gelatin Avas men- 
tioned as a substitute for plasma only 
once. Wolfson and Teller,®® using the 
refractive index of serum, reported that 
infused gelatin was retained in the circu- 
lation long enough to be effective in post- 
hemorrhagic hypotension. 

The more recent investigations into 
the suitability of gelatin as a plasma 
substitute indicated that it was both safe 
and effective as a substitute for the on- 
cotic function of plasma in the treatment 
of shock and hemorrhage. Inasmuch as 
gelatin solutions are composed of molec- 
ular aggregates of varied size the ques- 
tion of optimum molecular structure be- 
came an important one. It was apparent 
that no gelatin would approximate closely 
the molecular configurationof the native 
plasma proteins so that the choice of a 
gelatin solution for use as a plasma sub- 
-stitute lay between a long and a short 
molecular chain structure. 

The Auscosity, gel strength, modulus 
of rigidity and temperature of solidifica- 
tion are directly proportional to the size 
of the molecular chain Avhile the fluidity 
and melting point are inversely propor- 
tional to molecular chain size. The small 
molecules, while haAung a higher theoreti- 
cal osmotic pressure than the large mole- 
cules, are lost rapidly tlirough the kidneys 
so that the effective osmotic pressure is 
actually higher Avith the large molecular 
gelatin. The best preparations from the 
standpoint of physiologic response then 
haA^e the practical disadvantage of high 
A'iscosity. 

Gelatins of any molecular structure 
seem to be innocuous and safe for injec- 
tion in lai'ge quantities,®’*®^*^®*®® The ab- 
sence of liver and kidney damage in both 
dogs and patients after infusion of gelatin 
has been demonstrated.^® •^’•®®*®® More 
rigorous tests Avere used by Van Slyke®® 
in Avhich gelatin Avas given to animals 
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with renal ischcniiu. Recovery was as 
rapid and regular in the gelatin infused 
animals as in the controls. Morphologic 
changes found in animals after massive 
gelatin infusion and after repeated infu- 
sions in all instances were reversible.®® 
Human autopsy material revealed no 
changes attributable to gelatin.’*- Un- 
toward reactions following gelatin infu- 
sion in liuman subjects are infrequent/^ 
and the venous thrombosis found after 
some gelatin infusions was demonstrated 
to be due to a mercurial preservative.®® 

Following the injection of gelatin intra- 
venously there is an immediate rise in 
serum gelatin concentration and a con- 
comitant fail in native serum proteins. 
TJie serum gelatin concentration dimin- 
ishes gradually thereafter with a recip- 
rocal rise in serum protein concentration. 
The speed of this reciprocal reaction is 
inversely proportional to the molecular 
size of the gelatin while the duration of 
detectable gelatin concentration in the 
blood is directly proportional to the 
molecular 

Highly degraded (short molecule) gela- 
tin may leave the circulation completelj" 
in less than 24 hours while minimally 
degraded varieties (long molecules) dis- 
appear completely only at the end of 
5 days.^’'*® 

Blood coagulation is not effected fol- 
lowing gelatin infusion/®''*’ and although 
the hematocrit reading and the hemo- 
globin concentration are decreased, the 
total red cell volume is not diminished 
either in animals in shock or in normal 
unanesthetized controls.®®'®® The sedi- 
mentation rate is increased markedly 
after gelatin infusion according to all 
observers. 

The increased sedimentation rate seen 
with so many of the macromolecular col- 
loidal substitutes for plasma is a measure 
of the degree of pseudo-agglutination of 
the erythrocytes. The phenomenon of 
pseudo-agglutination is apparently with- 
out deleterious effect insofar as gelatin 
is concerned, based on observations of 
oxygen transport®®'®® and direct visualiza- 


tion of capillaries after gelatin infusion 
through a rabbit’s ear window.®’®® 

The possibility of difficulty with the 
cross-matching of the blood of patients 
recently infused with gelatin (up to 
4 days) was eliminated by the utilization 
of glycine to prevent the phenomenon of 
pseudo-agglutination in senim cell sus- 
pensions.*® 

The use of various gelatin solutions in 
the treatment of experimental shock re- 
vealed differences resulting from the type 
of gelatin preparation used, but, in gen- 
eral, gelatin was found to be an effective 
agent for the restitution of colloidal os- 
motic pressure. Swingle and his asso- 
ciates®®’®®’®* found gelatin to be superior 
to saline and demonstrated pooled hepar- 
inized plasma to be no better than gela- 
tin. Parkins’®® work indicated that gelatin 
is among the best of the colloidal sub- 
stitutes for plasma. Gordon, Hoge and 
Lawson®® found gelatin to occupy an 
intermediate place between blood and 
crystalloids in its ability to maintain the 
circulation after blood loss. Winkler, 
Danowski and Elkington®® found gelatin 
to be equal to serum in the treatment of 
salt depletion shock. 

Attention has been called to the dif- 
ferences between gelatin types and mo- 
lecular structure by several groups of 
investigators.®’’®®'*®'"**’®® Glinical superi- 
ority was claimed definitely for the long 
molecular structures by most observ- 
ers,®®’®® although it was recognized that 
the short molecular form was both effec- 
tive and innocuous. 

The e.xcellent study from Whipple’s’® 
laboratory revealed that gelatin caused 
no alarming disturbances; it produced 
both plasma protein and hemoglobin 
when given by mouth, produced blood 
protein equivocally when given by vein, 
and had no inhibitory action on the 
formation of plasma proteins from casein 
hydrolysates or amino acids when those 
materials were infused after gelatin. 
These studies were done ■zdth doubb' 
depleted dogs (anemic and hypoprotein- 
emic), and on the basis of£the behavior 



SURGERY 


237 


(if these animals 2 questions Averc raised: 
the possibility of toxicity from gelatin 
when given over a period of 1 to’2 weeks 
and the possibilit 5 '- of gelatin infusion 
causing further damage in kidneys al- 
ready diseased. The prolonged adminis- 
tration of gelatin is apparently Avithout 
deleterious effect in patients and 

it does not seem to alter kidney function 
adversely in the diseased or damaged 
kidney.^^'^'"'^ 

In normal individuals the administra- 
tion of poorly degraded gelatin solutions 
is attended by an increase in cardiac out- 
put and by an increase in plasma volume, 
but not by a rise in arterial pressure.'®-^® 
In the patient in peripheral collapse the 
same physiologic changes are seen, but 
the loAV blood pressure is rapidly returned 
to normal. In the shocked individual 
Avith depleted plasma volume 52 gm. of 
gelatin (P-20) in 1000 cc. of fluid in- 
creased the plasma volume for 4 to 6 
hours to the same extent as did 50 gm. 
of human serum albumin.®^'®®’^®’’^ Plas- 
ma volume increases are greater but less 
sustained folloAving gelatin infusion as 
compared AAnth blood and plasma.'*^'’^ 
Poorly degraded gelatin solutions have 
been used as an agent for the mobiliza- 
tion of edema Avith Amriable results.®'^ 
The use of highly degraded (short mole- 
cule) gelatin in edematous states is not 
Avithout danger because of the escape of 
small gelatin particles into the edema 
fluid.^' The larger gelatin molecules 
(P-20) pass tlirough purposely injured 
capillaries only 35 to 60% as much as 
do the plasma proteins.®® 

Of all the plasma substitutes, except 
those derived from plasma itself, gelatin 
is the only protein. Even though it is 
an incomplete protem, it is at least par- 
tially metabolized. Brunsclnvig^ demon- 
strated the metabolism of gelatin in ani- 
mals and man," and Ivoop and his asso- 
ciates^® found that A\'hen nitrogen is 
.supplied as half gelatin and half casein 
or fibrin hydrolysate, the utilization of 
nitrogen Avas better than that achicA’ed 
Avith the hydrolysate alone.'*® 


Two A’ariations of gelatin solutions 
luiA'e been prepared as plasma substi- 
tutes: isinglass (icthyocolla) and oxypoly- 
gelatin. 

Isinglass, a collagen prepared from the 
sAvim blad(lers of hake Avith 96.6 % of its 
protein available as amino acids® Avas 
studied by Taylor and his associates.®* 
After animal experiments and clinical 
trial it Avas thought that a suitable ani- 
mal gelatin rather than isinglass offered 
greater assurance of effective mainte- 
nance of blood pressure because of the 
much longer time it remained in the 
blood stream of the infused animal,®® 

Oxypolygelatin, an oxidized, polymer- 
ized gelatin aa'ss introduced by Pauling®® 
and developed to the point of reproduci- 
bility. Observations by Parkins®^ indi- 
cate that the application of oxidation 
and polymerization procedures to ossein 
gelatin might increase its fluidity without 
serious change in its physiologic charac- 
teristics. 

Bovine Albumin. TVhole bovine plasma 
has been knoAvn to produce alarming re- 
actions AA’’hen given intravenously to other 
species.®® Such reactions were associated 
Avith the globulin fraction of boAune 
plasma to a large degree.®® BoAune albu- 
min can be prepared in such fashion as 
to have a Ioav reaction rate®® and a non- 
bacterial chill-producing substance has 
been described in boAune albumin.*® Re- 
actions AAuth the purified albumin Avhen 
they do occur include urticaria, diarrhea, 
fever, nausea, Ammiting and chill.®® 

The boAune albumin is a potent anti- 
gen,®*’®®'®®’®® and there is the possibility 
of cross-reaction AAdth beef products taken 
by mouth.®® In spite of this it has been 
administered to patients.*®’*®’®® 

The infusion of a boAune albumin to 
animals in thermal shock is a therapeutic 
procedure not attended by toxdc reac- 
tions but less effectiA’-e than plasma when 
large and continuous protein and fluid 
losses are encountered.*® The plasma 
A’olume and circulatory tone are ade- 
quately maintained after infusion, and 
the ability of boAune albumin to hold 
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fluid is equal to that of human serum 
albumin.^® 

Serum and urinary potassium are not 
significantly altered after infusion. The 
morphologie changes produced in rabbits 
following infusion of bovine albumin are 
all reversible, but this does not carry 
over to human subjects necessarily.^ 

Globin. A modified globin prepared 
from the erythrocytes of man has been 
used by Strumia and his co-workers’® as 
a substitute for the colloidal osmotic 
functions of plasma. A prelimin.ary 
report published by them in 1945 indi- 
cated that globin had these general attri- 
butes; (1) solubility in water at pH 7.4, 
(2) minimum solubility at pH 6.5, (3) a 
viscosity lower than that of citrated plas- 
ma, (4) a molecular weight of 85% of the 
globin equal to 34,000, (5) a symmetrical 
molecule, (6) an approximate yield of 
250 gm. per 1000 cc. of packed erythro- 
cytes, (7) stability in solutions of 0.85% 
saline (under ordinary conditions of pres- 
ervation), (8) miscibility vdth citrated 
blood or plasma, (9) failure to increase 
erythrocyte sedimentation rate, and (10) 
production of hemodilution lasting 24 to 
120 hours after intravenous infusion. 

The authors found no evidence of anti- 
genicity or toxic properties other than 
pyrogenic reactions and what they called 
a “pressor effect” and a “vasomotor 
effect.” Globins exhibiting instability at 
pH 7.4 were not used in clinical investi- 
gations because of the embolic phenom- 
ena associated with death and organic 
damage encountered in animals when 
such globins were used. 

The globin prepared by Strumia and 
his co-workers”-’®’’® was reported by 
them to be satisfactory in the treatment 
of shock from trauma, hemorrhage and 
burns, in the correction of hypoprotein- 
emia and in the treatment of edema in a 
patient with chronic glomerulonephritis. 

Seegal’® and his associates found human 
globin anaphylactogenic in the guinea 
pig. They found no reaction following 
human globin infusion in mice and rab- 
bits, but dogs exhibited untoward reac- 


tions characterized by erythema, urti- 
caria, facial edema, dyspnea, hyperperi- 
stalsis, defecation and unsteady gait. 
Histologic section showed deposits of 
globin-like material in the proximal con- 
voluted tubules of mice, rabbits and 
1 dog Avithin 2 days after injection which 
were not seen in animals sacrificed 8 days 
after injection. 

Rhoads and Parkins®® and their co- 
Avorkers confirmed the results of Seegal 
and extended observations to include the 
tolerance of rats to rat globin and dogs 
to dog globin. They concluded that the 
efficacy of human and dog globin in 
treatment of hemorrhage in dogs, and rat 
globin in burn shock in rats showed 
globin to be less effectiA'e than saline. 
On the basis of these results observations 
Avere not extended to human subjects.’® 

Hemoglobin. The early attempts at 
preparing a hemoglobin solution free from 
the stromata of erythrocytes resulted in 
an infusion material which elicited un- 
toward reactions when given intraven- 
ously to animals.®-®’ One of the most 
serious effects, the blockage of renal tubu- 
lar lumina by hemoglobinous pigments, 
was eliminated by improved methods of 
preparation. Pure hemoglobin solutions 
AA'hen giA'en intraA'enously are not at- 
tended by renal tubular changes”-”-®’ if 
there is no preexisting tubular damage.®’ 

Solutions of pure hemoglobin carry 
oxygen and maintain colloidal osmotic 
pressure for periods up to 36 hours after 
which they become ineffective because of 
transformation of hemoglobin to methemo- 
globin and the loss of injected hemoglobin 
through the kidneys.’®-®® The erythrocyte 
sedimentation rate is increased after in- 
jection of hemoglobin. A hemoclastic 
crisis is seen soon after injection, and this 
is followed by a leukocytosis in 24 hours. 
No casts are found in the kidney, but 
deposits of hemoglobinous pigment can be 
seen in the liver and spleen.’® 

FolIoAving the injection of pure hemo- 
globin solutions into the circulation of 
dogs there is a rise in blood pressure which 
cannot be accounted for on the basis of the 
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oncotic pressure of the hemoglobin solu- 
tion alone. There is a 100% increase in 
oxygen consumption following hemoglobin 
infusion.®^ ’ 

Pectin. Solutions of pectin, a polysac- 
charide, were introduced as a substitute 
for plasma by Hartman and his associates 
in 1941.^® Intravenous injection of pectin 
in animals and man was followed by no 
visible deleterious effects and it was non- 
antigenic.^® Bryant, Palmer and Joseph® 
reported that intravenous infusions of pec- 
tin produced no changes in viscera of 
rabbits and that none was detectable in 
the blood 7 days after injection. Hueper,®® 
on the other hand, refuted these findings 
by demonstrating in both animals and 
man that even partially degraded pectin 
is retained in liver, kidney, bone marrow, 
spleen and arteries. Histologic changes 
included foam cellular formations, hyaline 
necrosis, foreign body giant cells and cal- 
cium incrustations. 

Following the intravenous administra- 
tion of pectin in normal human subjects, 
the sedimentation rate is increased; the 
hematocrit falls more than the hemoglobin 
concentrations; the albumin-globulin ratio 
is unaffected and the arterial and venous 
pressure is slightly increased.'*® Plasma 
volume increases persist 4 hours after 
infusion.®® 

On the basis of animal experiments, 
Middleton and Wiggers believed that the 


usefulness of pectin was limited to the 
early period of posthemorrhagic hjT)oten- 
sion. They found no correlation between 
hemodilution and favorable response which 
suggested a possible deleterious influence 
when used after severe hemorrhage.®’^ 

As a substitute for plasma, pectin was 
found to be inferior to serum,^® less safe 
than gelatin,®® and no better than saline 
in posthemorrhagic prolonged hypoten- 
sion.*'* 

Methyl Cellulose. Like polyvinal alco- 
hol, methyl cellulose has not enjoyed wide 
use as a plasma substitute. The material 
that has been given trial is a methyl ether 
of cellulose and consists of long chains of 
dextrose molecules with a characteristic 
high viscosity and a molecular weight of 
about 50,000. It is effective in shock in 
animals and is non-antigenic but exhibits 
the phenomenon of excessive storage in 
the viscera.®'®* 

Summary. Of the plasma substitutes 
studied extensively during the recent war 
years only human serum albumin and 
gelatin solutions seem to be both safe 
and effective on the basis of reports avail- 
able at this time. Human serum albumin 
derived from plasma itself, is not, strictly 
speaking, a substitute. Gelatin, in addi- 
tion to being safe and effective, is also 
cheap, and when fortfieid with amino acids 
or protein hydrolysates is a readily avail- 
able source of parenteral protein. 
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The concept of the mechanism of pro- 
duction of exophthalmos, with particular 
reference to thjrroid disorders, has not yet 
reached the stage of universal agreement. 
There have, however, been significant 
changes and developments in the past few 
years and this seems an opportune time 
to review these changes. Three impor- 
tant articles have been published in the 
past 2 years which endeavor to correlate 
our present knowledge, both clinical and 
e.\perimental, of the production of exoph- 
thalmos. There are 2 groups of cases 
which present different clinical features 
but which, with advancement of our 
knowledge, seem to have a single etiologic 
basis. In the average case of so-called 
exophthalmic goiter the eye changes are 
not of particular moment or concern. 
Much of the change in appearance and 
of the subjective ocular symptoms is the 
result of retraction of the lids rather than 
actual protrusion of the globe. This is 
true particularly in individuals Avith other 
manifestations of definite hyperthjToid- 
ism. However, in certain other indiidduals 
with thyroid disease, exophthalmos devel- 
ops progressively which may lead to e.x- 
treme protrusion of the globe, cheraosis of 
the conjunctiva, inability to close the 
lids, resultant exposure-ulceration of the 
cornea, and at times loss of the eye. 
The.se ca.scs occur in individuals ndth both 
liYjicr- and hypothyroidism, the extremes 
ranging from severe th\Totoxicosis to frank 
myxedema. This latter group of cases 


Avith exophthalmos has had a variety of 
terms applied to it: among the most com- 
monly used are malignant exophthalmos, 
progressiA'e exophthalmos, exophthalmic 
ophthalmoplegia, postoperative progres- 
siA'^e exophthalmos, special ophthalmo- 
patliic type of Graves’ disease, and thy- 
rotropic exophthalmos. The reasons for 
placing this group apart from simple ex- 
ophthalmic goiter are many. There is a 
different age and sex relationship, a dif- 
ference in response to treatment and dif- 
ferent findings in the orbit. Exophthalmic 
goiter affects young adults chiefly and is 
more common in women than in men. 
Progressive exophthalmos affects middle 
aged adults and men are more common 
in this group than AA^omen according to 
reports by Muh'^any.® The urine of pa- 
tients with ordinary exophthalmic goiter 
shows little or no thyrotropic actiAuty 
AA’hile that of patients witb progressive ex- 
ophthalmos contains an excessiA'^e amount 
of thjTotropic substance. In general, the 
proptosis and lid retraction of exophthal- 
mic goiter recedes foIloAAdng thyroidec- 
tomy, although an immediate postopera- 
tiA'c increase has been noted by Dob;^Tis* 
and others. Tlijuroidectomy usually has 
the opposite effect on progressive exoph- 
thalmos, increasing the proptosis and often 
leading to acute embarrassment of orbital 
circulation, ocular motility, and even of 
Adsion itself. 

There has been a tendency in the past 
to consider that 2 different mechanisms 
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are involved in the production of these 2 
apparently different types of exophthal- 
mos. From recent clinical and experimen- 
tal investigations, however, it would ap- 
pear more logical to assume that the ex- 
ophthalmos does not differ fimdamentalli' 
in type but only in course aud degree, and 
that this difference in course and degree 
depends upon the presence or absence of 
a compensatory mechanism for the con- 
trol of the production of an exophthalmos 
stimulating substance. It seems likely 
that the pituitary produces the substance 
that is responsible for exophthalmos and 
that the substance for its control is elabo- 
rated in the thjToid. Originally it was 
thought that both the retraction of the 
lids and the proptosis might be explained 
on the basis of S5’’mpathetic stimulation 
brought about by excess secretion of 
thjwoxin. Sympathetic stimulation causes 
e-xophthalraos in certain animals, but this 
mechanism is undoubtedly not active in 
man. Increased sympathetic tone may 
well account for lid retraction alone; but, 
as shmvn by Pochin,!® e.xophthalmos can- 
not be produced in man by sympathetic 
stimulation. It has been knomi for many 
years that extracts of the anterior pitu- 
itary, containing thjToid stimulating hor- 
mone, cause exophthalmos. According to 
Means,’^ this was first demonstrated by 
Schockaert in 1931 and has been amply 
confirmed and elaborated upon. Pituit- 
ary extracts generally produce an initial 
rise in metabolism accompanied by ex- 
ophthalmos. This exophthalmos is en- 
hanced by thjToidectomy, but animal ex- 
perimenters have never produced exoph- 
thalmos which is exactly comparable to 
the severe progressive type seen in man. 

Long continued exophthalmos produced 
in animals by pituitary extracts is reported 
to lead to permanent changes in the extra- 
ocular muscles according to Aird.^ Other 
factors are also of importance in experi- 
mental exophthalmos, hlarine believes 
that the gonads seem to play a role, for 
castration lessens the exophthalmos pro- 
duced by tbjTotropic hormone in certain 
animals and testosterone brings it back. 


Recent work by Dobyns® has show .that 
thyroidectomy alone causes an increased 
prominence of the eyes of guinea pigs. 
Sraelser'^ demonstrated that the exoph- 
thalmos produced by thyrotropic hormone 
in thyroidectomized guinea pigs seems to 
be due chieflj- to an increased water con- 
tent of orbital fat and extra-ocular mus- 
cles and that this same change is not 
noted in muscle or fat of other parts of 
the body. Neither thyroidectomy alone 
nor thj'Totropic hormone produced this 
result. Rundle and Pochin'^ found marked 
increase of the fat content of the extras 
ocular muscles in human exophthalmo- 
associated ^vith Graves’ disease. These 
experimental studies would seem to indi- 
cate that the pituitary tlijurotropic hor- 
mone is the agent responsible for the pro- 
duction of exophthalmos. The role that 
the thjToid plays as a controlling factor 
in the production of this hormone seems 
also to have been shown. Prom the clini- 
cal standpoint the recent works of Means^ 
and Mann® would seem to substantiate 
these conclusions while the work of Mul- 
vany® seems opposed at least in part. 

Mulvany, along with others, believes 
that tlie exophthalmos in exophthalmic 
goiter is due to an overactive sympathetic 
nervous system. He explains retraction 
of the lids as due to stimulation of Muller’s 
tarsal muscle and exophthalmos as due to 
the combined pull of Muller’s and Land- 
strom’s muscles opposed by weakened 
extra-ocular muscles. Mulvany states 
that these 2 sets of unstriated muscles 
exert a direct and an indirect pull on the 
globe, and that the weakness of the volun- 
tary extra-ocular muscles is due partly 
to thyrotoxic myasthenia and partly to 
atonia caused bj' local neuromuscular de- 
generation. That sjunpathetic overactiv- 
ity is the rule in hj^erthjToidism cannot 
be doubted, but it seems that undue 
emphasis is placed upon the very small 
essentially vestigial unstriated muscles in 
the orbit as they exist in man. In pro- 
gressive exophthalmos, Mulvany® states 
that retraction of the lids is due to en- 
largement of the levator muscle and that 



OPHTHALMOLOGY 


243 


exophthalmos is the result of an increase 
of the orbital contents. This author de- 
scribes different microscopic findings in 
the 2 varieties of exophthalmos. In cases 
of exophthalmic goiter of the usual type 
he finds widespread neuromuscular degen- 
eration, occasional infiltration of round 
cells, fat infiltration, and some fibrous 
replacement in the disintegrating muscle 
and nerve cells. In malignant exophthal- 
mos he finds enlargement of the muscles, 
fibrosis which is often widespread through 
the muscles, edema, degeneration, and 
round cell infiltration. This author em- 
phasizes the contrast between the 2 proc- 
esses but, as Mann states, it seems possible 
that one could be an early and the other 
a late and more extensive phase of the 
same pathologic process. 

In contrast to the hypothesis advanced 
by Mulvany, Means,’ and Mann® believe 
that probably these 2 types of exophthal- 
mos have a single basis. This basis is the 
production of excessive amounts of thy- 
roid stimulating hormone by the pituitary 
perhaps initiated, as Means states, by ner- 
vous stimulation through the hypothala- 
mus. On this basis, this excessive secre- 
tion of thyrotropic hormone by the pitu- 
itary causes the normal thjToid to respond 
with hypertrophy and excessive secretion 
of thyroid hormone and initiates the pro- 
duction of exophthalmos. Along vdth 
these changes there is present a certain 
degree of sympathetic hypertonia and of 
myasthenia, perhaps on the basis of con- 
comitant alterations in the adrenal and 
thymus or perhaps due to the excessive 
thjToxine alone. The excessive thjToid 
hormone, besides stimulating metabolism, 
acts as an inhibiting mechanism on the 
IJituitary causing lessened production of 
thyrotropic hormone. Thus the exoph- 
thalmos does not become excessive because 
the thyrotropic hormone, although pro- 
duced in a supernormal amount, is con- 
trolled by a regulatory mechanism. The 
degree of exophthalmos present may vary 
from moderately severe in some cases to 
none in others; the latter crises exhibiting 
only lid retraction and perhaps some weak- 


ness of the ocular muscles. An intract- 
able progressive type never results. In 
the case of progressive exophthalmos the 
excessive amount of thjnrotropic hormone 
is produced as before; but, instead of 
stimulating normal thyroid tissue, for 
some unknown reason the thjToid in these 
cases seems unable to respond normally 
■with the production of large amounts of 
thjToid hormone. Uninhibited by exces- 
sive hormone from the thyroid the pitu- 
itary goes on to secrete still more thyro- 
tropic hormone. The exophthalmos con- 
tinues to increase and when the process 
is of long enough duration and sufficiently 
severe, the pathologic changes present in 
the ocular muscles become irreversible. 
There are ob'viously a number of supposi- 
tions in this hypothesis. Just where the 
abnormality is present in the usually self- 
regulatory mechanism is open to question, 
but some recent works -with thiourea 
derivatives may give a clue. Thiouracil 
apparently exerts its action by interfering 
with the production of thyroid hormone 
by the thyroid gland, and the resulting 
deficiency of thjToid hormone directly or 
indirectly stimulates the anterior lobe of 
the pituitary. The inereased secretion of 
thyroid stimulating hormone by the ante- 
rior lobe induces thjToid hyperplasia.^ 
Means states that hjqaerplasia of the 
thyroid may be obtained in rats by treat- 
ment with sulfathiazole and exophthalmos 
results which persist after death. In man, 
sulfocyanate therapy may cause hyper- 
plasia of the thyroid with hjqiofunction 
and the same author states that exophthal- 
mos may occur. The following is a quota- 
tion from Means relative to the production 
of exophthalmos in these eases: "It is 
not clear precisely where such agents im- 
pinge upon the pituitary-thjToid axis, but 
the weight of evidence is that it is on the 
thyroid directly, imposing some obstruc- 
tion to the completion of the elaboration 
of thjToid hormone. The organism thus 
becomes hj’pothjToid, which serves as a 
stimulus to the pituitary to increase its 
output of thjTotropic hormone, which, in 
turn, causes the thjToid to become hjqier- 
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plastic and the eyes to become protruded. 
The hyperplasia of the thyroid, however, 
is ineffective because the obstruction to 
completion of thjToid hormone persists.” 
It may be that such an obstruction to thy- 
roid hormone production e.vists in all cases 
of progressive exophthalmos, the degree 
of obstruction determining the degree of 
hypo- or hj-perthyroidism present. 

In Mannas recent work she has presented 
a series of case reports in an attempt to 
disentangle the parts played by the thy- 
roid and pituitary, respectively, in indi- 
vidual patients. The cases are divided 
into 3 groups on the basis of their most 
prominent symptoms. The first group 
contains patients who show primarily a 
deficiency of thjToid hormone with a com- 
pensatory excess of thyrotropic hormone. 
In the second group the cases show a 
primary excess of thjToid hormone, which, 
later, as the result of thjToid atrophy or 
removal is replaced by excess thjTOtropic 
hormone. The third group shows symp- 
toms of excess thjToid hormone and excess 
thyrotropic hormone arising simultane- 
ously. On the basis of this study Mann 
concludes that the signs of excess thyroid 
secretion include loss of weight, rapid 
pulse, raised B.M,R., moist skin, lid re- 
traction, and lid lag. Excess thyrotropic 
hormone leads to symptoms consisting of 
orbital muscle, lid, and conjunctival edema 
.and infiltration which results in proptosis, 
ophthalmoplegia and fundus changes. Lid 
edema, chemosis and eversion of the con- 
junctiva ate also the result of the orbital 
edema. All of these latter changes may 
or may not be associated with a deficiency 
of thyroid hormone. If this is present, it 
will show itself as low B.M.R., a gain in 
weight, tliick coarse skin and slow pulse. 

Agreement is by no means reached as 
to treatment of these obstinate cases of 
exophthalmos. The management of these 
cases of progressive exophthalmos taxes 
the ophthalmologists resources to the ut- 
most and any advance in therapy is eagerly 
sought after. Attempts to treat the con- 
dition from an etiologic standpoint are 
still in their infancy' and reports are insuffi- 


cient to evaluate their true position at the 
present time. ThjToid hormones in large 
doses has been used urth fair success, the 
beneficial results supposedly coming from 
inhibition of pituitary secretion. In the 
article by Mann thyroid therapy and 
surgical procedures designed to close the 
lids %vere used in these cases which did not 
exhibit marked hyperthyroidism. The 
end-result in these cases was exceptionally 
gratifj'ing. Attacking the problem of re- 
ducing the pituitary secretion, Brain® has 
used ovarian follicular hormone in large 
doses with good success. He gives 50,000 
units of progynon B every 5th day to 
both sexes and states that “ e.xophthahnos 
usually diminishes.” He reports that 1 
early case of exophthalmic ophthalmo- 
plegia made a complete recovery under 
this treatment. Direct irradiation to the 
pituitary in order to reduce its secretion 
has been tried by several investigators, 
including those at the Mayo Clinic, with 
rather disappointing restilts. We have at- 
tempted treatment with thyroid hormone 
and iodine combined in an effort to main- 
tain the basal metabolism at a normal 
level. Results somewhat less striking than 
those shown by Mann have been obtained. 
Agreement, however, is almost universal 
concerning one point in the treatment of 
these cases and this point is the inadvisa- 
bility of performing thyroidectomy. The 
group of cases presenting early symptoms 
of progressive exophthalmos must be 
weeded out of routine hyperthyroid pa- 
tients if disastrous results are to be 
avoided. This point is especially stressed 
by Salter and Soley,®® and by Means. The 
former authors recommend Roentgen ray 
therapy to the thyroid if symptoms of 
hyperthyroidism are prominent and if the 
condition of the patient demands treat- 
ment along this line. Thiouracil and 
radioactive iodine have also been advo- 
cated in treating this group of patients. 
Many authors ad\'ise decompression op- 
erations on the orbit in the severe cases 
of exophthalmos especially when the vision 
is at stake. The Naffziger operation is 
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the one most frequently employed but it 
cannot be undertaken lightly for the opera- 
tion still remains a somewhat formidable 
procedure. Recently an alternative opera- 
tion has been advocated by Schall and 
Reagan'® who perform a radical external 
ethmoidectomy. They believe that this 
operation should be carried out more fre- 
quently and observed, in their cases, a 
reduction of exophthalmos of 3 mm. They 


state that, opposed to the Nalfziger pro- 
cedure, their operation is less formidable, 
produces a less disSguring scar, creates 
an actual rather than a potential space, 
and does not result in a pulsating globe. 
Decompression operations of these types 
usually are not advocated until it has 
become obvious that the exophthalmos 
is progressing to a dangerous point in 
spite of adequate medical management. 
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A New Concept of Competitive Inhibi- 
tion of the Renal Tubular Excretion of 
Penicillin. Karl H. Beyer, Ph.D., 
M.D., Horace F. Russo, B.S., Eliza- 
beth A. Patch, B.S., and A. Kathrine 
Miller, Ph.D. (Depts. of Pharmacol, 
and Bact., Med. Res. Div., Sharp & 
Dohme, Glenolden, Pa.). It has been 
established that penicillin is excreted 
both by the renal tubules and by glo- 
merular filtration. The renal clearance 
of penicillin is normallj’ about 5 times 
glomerular filtration rate. 

The tubular transport mechanism for 
penicillin, p-aminohippurate (PAH) and 
Diodrast excretion is functionally the 
same. It has been reported that on a 
mass action basis one could competitively 
inhibit the tubular excretion of penicillin 
by saturating with PAH at high blood 
levels the functional capacity of the 
mechanism. 

Caronamide, 4' - carboxy - phenylme - 
thanesulfonanilide,* effects a substantital 
physiologic economy of penicillin on an 
essentially different basis. It appears 
that the mode of action of this agent is 
to halt the transport mechanism respon- 
sible for the tubular excretion of penicil- 
lin and PAH. 

Certain of the pharmacologic charac- 
teristics of caronamide are: (1) It is 
rapidly absorbed when administered or- 
ally, and may be given by this route to 
inhibit the tubular excretion of penicillin 
administered orally or parenterally. (2) 
Its renal elimination is limited essen- 
tially to glomerular filtration. (3) Its 
action is to inhibit the excretory trans- 
port mechanism per sc for the tubular 
excretion of penicillins P, G, K and X, 
and PAH. (4) The effect of the agent 


appears to be limited to a functionally 
single transport mechanism, for earon- 
amide does not influence the Tm of glu- 
cose or arginine, the clearance of creati- 
nine, urea, sulfadiazine, sulfathiazole, or 
the kidney volume of dogs at blood levels 
sufficient to suppress completely the 
tubular excretion of penicillin. (5) The 
compound has a low order of acute and 
chronic toxicity. 

The efficacy and safety of caronamide 
have been substantiated clinically. 


The Hyperpnea Produced in Normal 
Man by Maximal Voluntary Hyperventi- 
lation, by Inhalation of CO 2 and by Severe 
Muscular Exercise. J. H. Comroe, Jr., 
M.D., and Robert D. Dripps, M.D. 
(Depts. of Pharmacol., Surg. Res., Anes- 
thesio!., Med. Sch.; Physiol, and Pharma- 
col., Grad. Sch. Med., Univ. of Penna.). 
These experiments were designed to meas- 
ure and compare (o) the maximal minute 
volume of respiration of which man is 
capable by voluntary effort (the maximal 
breathing capacity), (b) the maximal 
minute volume produced by CO 2 inhala- 
tion, and (c) that produced by severe 
muscular exercise in normal physically 
fit young men. The results of these ex- 
periments are shown in Table 1. 

So far as the CO 2 inhalations are con- 
cerned the data show marked individual 
variations from subject to subject whicli 
is presumably due to differences in sen- 
sitivity of the medullary respiratory 
centers. Inhalation of 10.4% CO 2 pro- 
duced maximal ventilation which was 
only 46 % of the subjects’ total breathing 
capacity. It is probable that CO> in- 
halation might have led to greater 


* Sharp & Dohme has applied its trademark “Rctentin” to this compound. 
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liyperpneas if certain inhibitory factors 
were not acting. These factors include 
inhibition of respiration (a) arising from 
the pressure receptors of the carotid sinus 
and aortic arch in response to the hyper- 
tension produced concomitantly and (b) 
flue to narcosis of the centers by a direct 
depressant effect of high concentrations 
of COa (of the 31 subjects breathing 
10.4% COa, the following symptoms sug- 
gestive of eentral nervous system depres- 
sion occurred: dizziness in 13, faintness 
in 7, unconsciousness in 3, symptoms 
resembling induction oi anestbesia with 
nitrous oxide in 2, and analgesia in 1). 


Sarcoidosis, and Carcinoma. Florence 
B. Seibert, Ph.D., Mabel V. Seibert, 
A. Jane Atno, A.B., and Harold Ti'. 
Campbell, M.D. (Henry Phipps Inst., 
Univ. of Penna.). Electrophoretic analy- 
ses of sera, combined with chemical 
analyses for polysaccharide, can be help- 
ful in the differential diagnosis of tuber- 
culosis, sarcoidosis and carcinoma. Cases 
of tuberculosis were carefully selected in 
the clinic according to their stage of the 
disease. The carcinoma cases included 
lesions of many different organs, and 4 
of the sarcoidosis, series were veriffed by 
study of biopsy material. At least 20 


Table 1 


Procedure 

Subjects 

Maximal breathing capacity . 

19 

COz 7.0% 

42 

CO 2 10.4% . _ . 

31 

Muscular exercise . 

19 


Muscular exercise produced more hy- 
pcrpnea in 18 of 19 subjects than did 
inhalation of CO 2 . The small changes 
in arterial CO 2 tension occurring in mus- 
cular e.\'ercise cannot account for the 
marked hyperpnea of muscular exercise. 

The minute volumes at which dyspnea 
occurred in subjects breathing CO 2 were 
noted. In the group that e.xperienced no 
dyspnea, maximal minute volumes rang- 
ed from 24 to 114 liters per minute (aver- 
age 00); in those who experienced mild 
to moderate dyspnea, the minute vol- 
umes Avere 29 to 110 (63) and in those 
who noted marked dyspnea, the minute 
volume.s ivcre 50 to 130 (87). This em- 
phasizes the fact that dyspnea is a sub- 
jective phenomenon not necessarily re- 
lated to the volume of respiration. Some 
subjects did not notice hyperpnea in 
themselves until ventilation reached 30 
to -10 liters per minute. It is therefore 
often desirable to measure both rate and 
minute volume of respiration in certain 
elinioal cases. 

^ Variation in Protein and Polysacchar- 
ide Content of Sera in Tuberculosis, 


Maximum 

Maximum 

Std. 


average 

range 

del). 

% 

166 

132-198 

20 3 

100 

52 

24-102 

18.4 

31 

76 

40-130 

24,8 

46 

110 

80-140 

18.3 

66 


cases of each type of disease were studied 
and the following conclusions were based 
upon the statistical analysis of the results. 

Significant changes occurred in certain 
of the constituents of the blood, which 
appeared characteristic for the different 
diseases or different stages of disease. 
Some of the most conspicuous of these 
changes were the following: A rise in the 
gamma globulin occurred in the serum 
in minimal active tuberculosis, with a 
corresponding decrease in albumin. In 
moderately advanced disease the an glob- 
ulin and polysaccharide content also in- 
creased. These changes were still further 
emphasized in far-advanced tuberculosis 
and the other globulins were also in- 
creased. No deviation from the normal 
occurred in minimal tuberculosis of ques- 
tionable clinical significance. Moderately 
advanced tuberculosis of questionable 
clinical significance showed only a de- 
crease in albumin, indicating that it was 
the last component to return to normal. 
Sera from cases of sarcoidosis showed 
an increase in total protein, a proportion- 
ate large increase in gamma globuliw and 
only a moderate increase in polysaccha- 
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ride content. In carcinoma there was a 
decrease in total protein, a large increase 
in aj globulin and beta globulin and poly- 
saccharide content. 

It is suggested that the increase in 
gamma globulin in minimal tuberculosis 
may indicate antibody formation, where- 
as the rise in ao globulin and simultaneous 
rise in polysaccharide in advanced tuber- 
culosis and carcinoma may represent 
tissue destruction. 


The Non-participation of 1(+) Citrul- 
line as an Intermediate in the Synthesis 
of Urea by Rat Liver Slices. John H. 
Nodine and John M. Buchanan, Ph.D. 
(Dept, of Physiol. Chemistry, Univ. of 
Penna.). Since Krebs and Henseleit 
{Ztschr. f. physiol. Chon., 210, 33, 1932) 
postulated the “ornithine cycle” as the 
main metabolic pathwaj' of urea forma- 
tion, numerous investigations have been 
undertaken to substantiate or disprove 
this hypothesis. The purpose of this 
present study is to test the hypothesis 
directly using isotopes. Rat liver slices 
were incubated in a medium containing 
isotopic bicarbonate (C'^) buffer, NH4CI, 
dl-omithine and other ionic constituents 
as described by Krebs, both in the pres- 
ence and absence of large amounts of 
l(-i-) citrulline. The urea sjmthesized 
contained 2.08 and 2.19 atoms % excess 
with and without citrulline respec- 
tively. The citrulline isolated at the end 
of the reaction showed no excess C*^. 
Evidence for adequate mixing of intra- 
and extracellular citrulline was presented 
by Krebs and others who showed an 
acceleration of urea formation (an intra- 
cellular process) upon the addition of 
citrulline to a medium similar to ours, 
and Gomall and Hunter (J. Biol. Chem., 
147, 593, 1943), who showed that citrul- 
line accumulates in a medium containing 
liver slices and ornithine, the former 
showing diffusion into the cell, the latter 
showing diffusion out of the cell. It was 
thus concluded that 1(4-) citrulline is 
not a major intermediate in the sjmthesis 


of urea from CO2 and NH3 in rat liver 
slices under the conditions of our experi- 
ments. Calculations from the con- 
centration of the medium showed that 
90 to 100% of the carbon of the urea 
formed was derived from the CO2 of the 
medium. Thus the added citrulline was 
not converted to urea to any significant 
extent under the conditions of our ex- 
periments. A 3-fold acceleration of urea 
formation was noted upon addition of 
the citrulline to the reaction mixture. 
It was concluded that under the condi- 
tions of our experiments urea was not 
synthesized by the “ornithine cycle” as 
presently postulated. 


The Effect of Inhalation of High and of 
Low Oxygen Concentration Upon Human 
Respiration and Circulation. Robert D. 
Dbipps, M.D., and Julius H. Comroe, 
Jr., M.D. (Depts. of Pharmacol., Siu-g. 
Res., Anesthesiol., Med. Sch.; Physiol, 
and Pharmacol., Grad. Sch. Med., Univ. 
of Penna.). SLxty-eight normal human 
subjects were permitted to breathe some 
of the following: 100% oxygen, 20.9, 
18, 16 or 14.5% oxygen in nitrogen. 
Pulse rate and respiratory minute volume 
were recorded. In 28 of 33 subjects 
studied during the change from room air 
to 100% oxygen, a small immediate de- 
crease in respiratory minute volume or 
pulse rate was observed. Average respi- 
ratory minute volume was depressed 
3.2% and pulse rate 3.7% during the 
first 2 minutes of 100% oxygen inhala- 
tion. Statistical analyses of these data 
revealed a likelihood that the respiratory 
changes might have occurred by chance in 
1 of 15 instances, a figure below the 1 
in 20 normally regarded as significant in 
medical statistics. The possibility of 
the pulse rate changes occurring by 
chance was less than 1 in 1000, a highly 
significant observation. 

If this change can be attributed wholly 
to a functional denervation of oxygen- 
.•^ensitive receptors in the carotid and 
aortic bodies, these data suggest that 
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some chemoreceptors are tonically active 
at the oxygen tension present in the 
arterial blood of many normal men 
breathing room air at sea level. The 
small degree of the changes indicated 
that they are only'^ minimally active. 

Fourteen subjects breathed 18% oxj^- 
gen and 21 breathed 16% oxygen after 
control data on expiratory minute volume 
and pulse rate had been obtained with 
room air. An increase in pulse rate was 
a more sensitive index of anoxemia than 
was an increase in respiratory minute 


volume. Of the subjects, 79% showed 
an increase in pulse rate ‘wath 18% oxy'- 
gen, and only 36% showed increased 
ventilation (5% increases above control 
values). 

Our data indicate that the human cir- 
culatory system is usually stimulated by 
reducing the inspired oxygen percentage 
from 20.9 to 18, but respiration is stimu- 
lated in only' a few individuals breathing 
18 or 17% oxygen and is not increased 
in the majority until 16% oxygen is 
inhaled. 
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IVUTEITIOK AND ChBIUCAD GrOAVTH IN 

Childhood. VoI. II. Original Data. By 
IctB G. Macy, Ph.D., Sc.D., Director of 
the Research Laborator}’^, Children's Fund 
of Michigan. With a Supplement by 
Julia 0. Holmes, Ph.D. Index to Vols. 
I and II. Pp. 1044; 1081 ills, and figs. 
Springfield, 111.: Thomas, 1945. Price, 
SIO.OO. 

Four years ago Dr. Alacj' and his asso- 
ciates presented Vol. I of Nutrition and 
Chemical Growth in Childhood, in which 
were stated the conditions under which the 
10 j’^ear study was conducted, the methods 
employed to secure the samples and data 
and their statistical treatment. 

Vol. II, titled "Original Data,” may be 
diidded into 3 parts; the data obtained by 
the Research Laboratory of the Children's 
Fund of Michigan, similar data obtained by 
Dr. Julia Holmes (formerlj’’ associated -adth 
Dr. Macy) at The Department of Home 
Economics of the University of Illinois on 
pre-school children, and comparative data 
on certain abnormal cases studied by the 
Michigan group by their research methods 
which were referred bj’' the Children's 
Hospital, 

Within the confines of a necessarily brief 
reriew it is impossible to analyze and evalu- 
ate the mass of data here presented. Inac- 
curacies and incongruities will be pointed 
out by future workers in these fields. Cer- 
tainly very few typographic or gross errors 
are apparent. 

The original material consists of thousands 
of data obtained in the course of studjnng 
seriallj^ a niunber of normal children living 
at the Methodist Village. These data are 
concerned vith the foods ingested, and 
analyses of urine and feces. For each- child 
at each period of observation there are also 
records of phj’-sieal examination, psychologic 
and endocrine estimations, anthropometric 
measurements, basal metabolism, acthity, 
laxation rates, emotional reactions, blood 
studies and dental conditions, etc., which 
are correlated with the balance studies. 
Even the climatologic conditions have been 
recorded. 

One feature of these observations which 
when assembled would comprise a valuable 


monograph is the presentation of serial 
growth roentgenograms of the bones, the 
teeth and the gastro-intestinal tract follow- 
ing the use of various test meals. The 
reproductions of these films are amazingly 
clear. 

If one could point to any aspect which is 
below the average in value and excellence, 
this Reviewer would suggest that the psy- 
chologic and so-called endocrine studies add 
little to the mosaic and are not of equal 
value. 

About 60 pages are devoted to the studies 
of Dr. Holmes and the Illinois group on 
5 girls who were studied for 32 consecutive 
weeks, and on 7 bo3"s studied for 72 weeks. 
Nitrogen, phosphorus and calcium balances 
related to growth and skeletal structure were 
the special objects of these studies. 

A prominent feature of the “Original 
Studies,” e.\-panded in the Addenda is the 
assemblage of data on the blood in health 
and disease. 

In the course of Dr. Macy’s work, certain 
disease conditions weU suited for studj'' by 
the methods used were admitted to the 
Children’s Hospital. These cases are also 
presented in the Addenda and include Osteo- 
psathyrosis, ununited fracture, lipemia and 
epilepsy. 

The material in this volume should prove 
authoritative and valuable for workers in 
growth or nutrition as well as cheniistr3’. 
The3' should supplant data which have been 
obtained from animals. The data would 
seem to be especiall3’ timely in riew of the 
nutritional conditions which exist and must 
be corrected in a scientific wa3’’ in the war- 
tom countries of Europe and Asia. Expected 
results of food relief can be based on ami 
compared with the work of Dr. Alacy. 

E. T. 


PRExrENmm Medicine and Public Health. 
B3' Wilson G. Smillie, M.D., Professor 
of Public Health and Preventive hledicine, 
Cornell Universitr" Medical College. Pp. 
607; 4l ills. New York: Macmillan, 1946. 
Price, S6.00. 

This volume is vTitten from the point of 
Hew that preventive medicine is an essen- 
tial part of the practice of medicine. Care- 
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ful examination of the text reveals the clear, 
concise and comprehensive manner in which 
the author has fulfilled this aim. 

Teachers, students and physicians who 
have been in the habit of going to this 
author's volume “Pubhc Health Adminis- 
tration in the United States” for general 
information in the field, and especially to 
find a terse, satisfying, opinion upon con- 
troversial matters, will find the same de- 
pendable quality here. 

In his Preface the author admits that "the 
whole broad field of the social aspects of 
medical care has been presented most inade- 
quately.” This apparent modesty must not 
be misunderstood; it is actually a result of 
his exhaustive and persistent literary and 
personal research undertaken to find practi- 
cal and intelligent solutions for matters 
which "are still a fluid concept that is not 
ready for presentation in textual form.” 
Nevertheless, the chapter on “Adequacy of 
Medical Care” is a superior production. 

The text is dedicated to Lemuel Shattuck, 
a Boston bookseller whose studies in %atal 
statistics of New England aroused his con- 
cern for public health and preventive medi- 
cine. His report, published in 1850, became 
a foundation stone upon which even our 
current programs might well be built. Each 
.section of this volume is introduced by a 
remarkably modern quotation from Shat- 
tuck’s report. 

The book is an attractive one both in 
appearance and in diction. It can be recom- 
mended as a dependable guide for the physi- 
cian, the student and the public health 
official. A. H. 

Synopsis op Neukopsychiatrt. By Lovmnn 
S. Selling, Sc.M., M.D., Ph.D., Dr.P.H., 
Director, Psychopathic Clinic, Recorder’s 
Court, Detroit, IMich,; Associate Attend- 
ing Neuropsychiatrist, Eloise Hospital; 
Adjunct Attending Neuropsychiatrist, 
Harper Hospital. Pp. 500. St. Imuis; 
Mosby, 1944. Price, S5.00. 

The new book shelves of our medical 
libraries have been carrying an ever increas- 
ing number of volumes with such titles as 
psychiatry, neuropsychiatry, physiologic 
psychologj', medical psychiatry, mental dis- 
orders, mental hygiene, jisychopathic per- 
sonality.ljisychosomatic medicine, etc. 

\\ Idle one would liardly que.^tion an 
authors rationale in limitine; the field of 


discussion under his particular title, there 
is little doubt that each author does differ 
in his own conception to a degree that gives 
rise to a great variety of meanings and inter- 
pretations based on his own training and 
experience. This trend has led to enough 
confusion in this field to excite comment at 
the Centennial Meeting of American Psj'- 
chiatric Association in Philadelphia. A 
member arose and asked for the formation of 
a committee to establish definition of terms 
that would find greater agreement amongst 
a wider variety of workers in the field. While 
small active groups in confined areas may 
understand each other, the less active (in 
research) and more remote by location have 
found great difficulty in understanding the 
newer connotations of the language. Noth- 
ing apparently came of the proposal. 

l^ffiile reviewing the “Synopsis” it oc- 
curred to the Remewer that here was a book 
that can, more or less, do what the "Un- 
formed Committee” may have accomplished. 

The “Sjmopsis” promdes a means of at- 
taching oneself to the basic concepts with 
which newer ones can be compared or asso- 
ciated. The elements of neuroanatomy and 
neuropathology described serve as a basis of 
understanding the organic neurologic syn- 
drome discussed. An extensive review of 
psychopathologj", abnormal psychology and 
psychoanalysis presents a fine background 
for functional disorders. 

The book is dimded into 2 parts: Neurol- 
og5% 10 chapters, with a total of 296 pages, 
and Mental Disorders, 15 chapters, totaling 
177 pages. The classification of personali- 
ties is given a modern touch in describing 
such personalities as "Caspar Milquetoast,” 
"wolves," "fairies” and “screwballs.” 

J. S. 


Synopsis of Physiology. By Rollanh J. 
Main, Ph.D., Professor of Physiology, 
Medical College of Virginia. Pp. 341; 
21 ills. St. Louis: Mosb}^ 1946. Price, 
.$3.50. 

This small book aims to be a text for 
reiaew purposes for students with some 
knowledge of physiologj' and of medicine. 
The book covers a wide field in an extremely 
brief form and is clearly expressed. There 
are relatively few figures but these are verj^ 
clear diagrammatic presentations of mate- 
lial. 3 lie hook is likely to have a consider- 
able n.'je by students who want to revise for 
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examinations. In this respect it will be 
very useful. 

Apparently clinicians also request “a little 
book which hits the high spots.” The Re- 
viewer believes that such use would be a 
retrograde step in education. Knowledge 
should be used and be integrated into ever 
more comprehensive patterns. It is the 
thin k ing about interrelated facts that is 
important rather than the memorizing of 
such facts. The author has unquestionably 
thought considerably, but the brief state- 
ment does not encourage the reader to go 
beyond the author and to utilize his own 
imagination. Consequently the Reviewer 
finds himself diametrically opposed to the 
principle of such a book for use of medical 
graduates. H. B. 


Diagnosis and Treat.ment of Ptjlsionabt 
Tubeeculosis. B 3 " hlosES J. Stone, 
M.D., Assistant Professor in Medicine, 
Boston University School of Medicine; 
Instructor in Medicine, Tufts Medical 
School; Phj'sician-in-Chief, Chest Clinics, 
Beth Israel and Massachusetts Memorial 
Hospitals; and Paul Dufaiilt, M.D., 
F.A.C.P., Superintendent of the Rutland 
State Sanatorium, Rutland, Mass. First 
2 editions b 5 '' Hawes and Stone. Pp. 325; 
93 engravings. Philadelphia: lea & 
Febiger, 1946. Price, S3.50. 

Because of the decreasing number of phy- 
sicians and students interested in prolonged 
training in tuberculosis, there is need for a 
concise, comprehensive text on basic con- 
cepts and treatment of pulmonary tuber- 
culosis. The authors of this book have pro- 
duced an easilj’- read and lucid guide in 
diagnosis and treatment. It is to be recom- 
mended to medical students and general 
practitioners as an elementary treatise in 
phthisiology. For those interested in broader 
training in this field a supplemental list of 
suggested reading is appended at the conclu- 
sion of each chapter. 

Certain improvements could be made in 
the section on specific therapy. A treatise 
on this subject in 1946 might well include at 
least brief mention of streptomj’cin. In dis- 
cussing the treatment of laijmgeal tubercu- 
losis, where so little can be offered the 
patient, the promising results of sulfa drug 
and penicillin insufflation should be noted. 
The sections on collapse therapj- should 


have discussed pneumoperitoneum as an 
adjunct in therapy and not merely as a 
possible complication of artificial pneumo- 
thorax. 

The.arrangement of the chapters is good, 
and the authors have accomplished their 
object in commendably short space. 

S. S. 


The Biology of Schizopheenia. By R. G. 
Hoskins, Ph.D., M.D., Director of Re- 
search, Memorial Foundation for Neuro- 
Endocrine Research, Harvard Medical 
School and Worcester State Hospital. 
Pp. 191. New York: Norton, 1946. 
Price, 82.75. 

In reference to the vast amount of human 
distress and of the unproductive expense 
resulting from schizophrenia, it is said one- 
fifth of all hospitalized patients in the coun- 
trj’^ and almost 10% of state tax (Massa- 
chusetts) is required to care for the %’ictims 
of this disease. Continuing the stud}’’ of 
the condition as one of disordered biologj", 
the writer discusses his ^thesis in the follow- 
ing sections: The Biology of Man in Rela- 
tion to Schizophrenia; The Pattern of 
Schizophrenia; Psychosomatic Aspects of 
Schizophrenia; A Biological Appraisal of 
Schizophrenia. 

These distorted personalities are most apt 
to develop in inadequate and frustrated 
people. As to cause—there is the possibilit}' 
“that adequate studies of the enzsunes might 
disclose a genuine pathology for the psj'- 
chosis.” After studying the nature of man, 
the pattern of the disorder is compared with 
that of other biologic patterns; and finally 
there are considered the chief functional 
de\dations frequently observed in the endo- 
crines, oxj''gen arid carbohydrate metabol- 
isms, and the circulatory sj'stem. 

The writer’s approach to the subject is 
unusual and stimulating. N. Y. 


Digitalis and Other Cardiotonic Drugs. 
■ By Eli Rodin Movut, M.D., Capt., 
M.C., A.U.S.; Internist, Veterans Admin- 
istration Facilit}^ San Francisco. Pp. 204 ; 
24 ills. New York, Oxford Univ. Press, 
1946. Price, not given. 

The subject matter of this book includes 
digitalis leaf (purpurea) and various glyco- 
sides, digitalis lanata and lanatoside C, 
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strophanthus and its derivatives, squill and 
various other so-called cardiotonic agents 
of plant and animal origin. Historical data, 
source and chemical structure, pharmacology 
and use in clinical treatment are discussed. 

The Uterature has been carefully reviewed 
and the book may be regarded as a depend- 
able source of information with respect to 
digitalis and allied drugs. C. W. 


Medicine in Industry. By Bernhard J. 
Stern, Ph.D., Lecturer in Sociology, 
Columbia Univ.; Visiting Professor of 
Sociology, Yale University. Pp. 209; 
15 tables. New York: Commonwealth 
Bund, lO'ld. Price, SI .50. 

This is one of the volumes issued under 
the auspices of the Committee on Medicine 
and the Changing Order of the New York 
Academy of Medicine, "as a contribution to 
contemporary thought on important ques- 
tions in the general medical and health 
field.” The author is well known as a 
miter upon topics which are closely allied 
to medicine and his selection b}’’ the com- 
mittee assured a thoroughly documented and 
critical survey to demonstrate how perfectlj’’ 
this particular subject illustrates “the re- 
ciprocal effects of medicine and the technical, 
social, economic, and political changes that 
have taken place in American life.” 

Each of the 7 chapters represents a rerdew 
of the subject under discussion both histori- 
cally and currently. Appended to these 
chapters are references to all the important 
publications a student or practitioner is 
likely to need. The first 2 chapters, scientific 
developments and social and legislative 
backgrounds, take us from a papjTUs of 
ancient Egypt to the most recentty pub- 
lished laws enacted by various states up to 
last year. 

Progress has been spotty. In all ages the 
need for reform has been recognized but it 
is only in recent 5 'ears that there has been 
satisfactory achievement. Attainment of 
ideal conditions still depends on research, 
especially in the field of phj’^siologj'. In 
considering the extent of industrial disabil- 
ity it is found that the data available do not 
approximate accuracy but that they are 
sufficient to permit an evaluation of the 
prevailing situation. 

The study here of the handicapped worker 
in industry reveals a problem which the war 


disabilities may help to solve by requiring 
a more constructive and enlightened policy 
on their employment than is now generally 
in force. 

Preventive services which can be stan- 
dardized, methods, and the extent of their 
utilization, are the result of intensive organ- 
ization. It is now in the smaller plants that 
safety serwees are less available. There are 
compeUing facts in the figures assembled 
under health programs and financial sa%’ings. 

Medical care programs in industry are 
financed by employers and workers jointly, 
by workers alone or by employers alone. 
The review here of the current utilization 
of plans for health insurance in industry 
furnishes a perspective which can be used 
by individuals, groups of employers or 
communities for their own projects. Prob- 
ably nowhere else can there be found a 
summary so well balanced. 

The final chapter concerns the industrial 
physician; it states the conventional func- 
tions of those who are considered specialists. 
With the recognition of psychiatry as an 
aid in placement, avoidance of accidents 
and absenteeism, the alert industrial physi- 
cian finds himself called upon to fulfil many 
other important functions. He will be a 
member of the safety committee, a con- 
sultant of management and probably per- 
sonnel director. "The field of industrial 
medicine offers one of the most fruitful ap- 
proaches to preventive medicine and pubUc 
health. As the schools are agencies through 
which children can be reached en masse for 
the application of the most advanced find- 
ings of scientific medicine, so the factories, 
■workshops and commercial establishments 
afford the opportunity to reach large aggre- 
gations of adult workers.” 

In an Appendix there is a tabulation of 
certain industrial prepayment medical plans. 
Organization of the oldest of these, the 
Hospital Department, Southern Pacific Corn- 
pan}', dates back to 1867. 

This small but important volume traces 
"the social, economic, legal, and professional 
setting within which industrial medicine has 
matured and the development of the scien- 
tific knowledge which has given industrial 
phj'sicians increased competence to cope 
■'X'ith diseases affected by occupations.” 

A. H. 
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Psychological Medicine. By Desmond 
CuHRAN, M.B., F.R.C.P., D.P.M., Psy- 
chiatrist and Lecturer in Ps 3 '^chological 
Medicine, St. George's Hospital, and 
Honorarj"^ Psychiatrist to the Midia Vale 
Hospital for Nervous Diseases, London; 
Temp. Surgeon Captain, R.N.V.R., and 
Consultant in Psychological Medicine to 
the Royal Navy; and Enic Gtjttmann, 
M.D., M.R.C.P., Neuropsj’^chiatric Speci- 
alist, Emergency Medical Ser\nce; former- 
ly Research Psj^chiatrist, Nuffield Dept, 
of Surgery, Oxford; Psychiatrist to the 
Officer Board, National Fire Service. 
Foreword by J. J. Conybeabe, M.C., 
D.M. (OxoN.), F.R.C.P., Physician to 
Guy’s Hospital, London. 2nd ed. Pp. 
246; 20 iUs. Baltimore: Williams & Wil- 
kins, 1945. Price, S3 .50, 

The main changes and additions found in 
this issue are concerned with constitutional 
factors and psychopathic personalities, the 
affect and hysterical syndromes, and modem 
ph 3 'sical methods of treatment. Important 
chapters are; .Etiology of Mental Disorder; 
Symptoms in Mental Disease; Psychiatric 
Case - Taking; Treatment; Constitutional 
Anomalies; Organic Syndromes; Psychiatric 
Aspects of Head Injury; Drug Addictions; 
Schizophrenia; The Affect Reaction Types; 
Obsessional States; Hysterical Reactions. 
The appended Psychiatry Associated With 
War Conditions is enlarged. 

Psychosomatic Medicine is now included 
with 4 distinct avenues of approach: The 
study of the psychologic origin of somatic 
symptoms and of organ neuroses; the dis- 
covery of psychologic factors precipitating 
or causing organic disease; somatic disease 
in relation to psychologic ts^pes; psychologic 
reactions to somatic disease and defect. 

N. Y. 


Proghess in Neurology and Psy'chiatby. 
Edited 63 ’^ E. A. Spiegel, hl.D., Professor 
and Head of the Department of Experi- 
mental Neurolog 3 ’, Temple TJniversit 3 ’' 
School of Medicine. Fift 3 ’-three contrib- 
utors. Pp. 70S. New York: Grune <t 
Stratton, 1946. Price, .S8.00. 

In this collaborate volume, the initial one 
in forthcoming annual rerfiews, the subject- 
matter is confined largely to the literature 
of 1945. IMost space is given to Pharmacol- 
ogy of the Nervous System, where the 


biography alone covers more than 23 pages; 
its chief concern is in diagnostic and thera- 
peutic applications, vath but little considera- 
tion of drug action mechanisms. Among 
other subjects ar general and local anes- 
thetics; the various aspects of alcoholic 
addiction, including the efforts of Alcoholics 
Anonymous and the Yale Plan Clinics; in 
the war neuroses, ergotamine tartrate has 
been employed in overcoming “sympathetic 
overactivity.” In shock therap 3 ', affective 
disorders respond much more readily than 
does the schizophrenic group. Electro-en- 
cephalograms show moderately severe “ab- 
normalities” appearing in from 5 to 15% 
of the clinically “normal” control subjects. 
When penicillin is given alone, as yet there 
is no standardized method for its use in 
neuros 3 ’-philis. Under Group Ps 3 ’'chotherapy, 
psychodrama receives careful consideration: 
on a specially designed stage, the subject is 
encouraged to act out his problems before 
an audience of patients, visitors and staff. 
There is a scarcity of summaries. This 
product of man 3 f collaborators is a timely 
book on opportune subjects, and its annual 
re-appearance doubtless will be looked for- 
ward to. N. Y. 


Studies in Hypertont and the Preven- 
tion OF Disease. By I. Harris, M.D., 
Honorar 3 '^ Director, Institute for Preven- 
tion of Disease, Honoraiy Physician, 
Liverpool Heart Hospital ; in cooperation 
with J. T. Ireland, B.Sc. (Hons.), A.I.C., 
Leverhulme Research Fellow, G. V. 
James, M.Sc., A.I.C., Maurice Stern Re- 
search Fellow, Edward Cronin Lowe, 
M.B.E., M.B., B.S., Director, Pathological 
Department, Southport InfirmaT 3 ', Hono- 
rary Clinical Pathologist, Institute for 
Prevention of Disease, C. E. Vernon, 
M.Sc., A.I.C., Research Fellow. Pp- IH- 
Baltimore: Williams & WiMns, 1946. 
Price, SS.OO. 

This book is unusual. The introduction 
contains a bitter attack on the Medical Re- 
search Council, for adding calcium to the 
bread of wartime England, describing them 
as “dictatorship or priesthood ... to 
hold their positions at all costs and b 3 ’ all 
means.” 

The author believes that emotional strain 
and diet are the cardinal factors in producing 
hi'pcrtoni', or hi'pcrtension. l^Iuch original 
experimental and clinical data is prc.^enfcd 
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in sections dealing with calcium, cholesterol, 
protein intake, phosphorus and potassium. 
The author’s discussions and conclusions are 
ingenious and thought provoking, but will 
not be accepted by all. The book is recom- 
mended primarily for students of hyperten- 
sion and metabolic disease. G. 


Manuau of Tuberculosis. By E. Ash- 
worth Underwood, M.A., B.Sc., M.D., 
D.P.H., Medical Officer of Health and 
Chief Administrative Tuberculosis Officer, 
County Borough of West Ham; Lecturer 
in the Royal College of Nursing; Fellow' 
of the Royal Statistical Society. Pp. 524; 
88 ills. Baltimore; Williams & Wilkins, 
1945. Price, S4.50. 

Seldom has the subject of tuberculosis 
been condensed as well as in this small 
volume by Dr. Ashw'orth Underw'ood. With- 
in its pages the reader w'ill find an informa- 
tive and accurate account of the etiologj', 
pathogenesis and evolution of tuberculosis, 
its institutional, medical and surgical treat- 
ment, the disease as it occurs in children, 
and the large problem of rehabilitation, as 
well as a verj' useful discussion of the ad- 
ministrative measures employed in tubercu- 
losis control, the epidemiology' of the disease 
and its public health aspects and its relation 
to social medicine. Quite appropriately, 
the book ends with a chapter on tuberculosis 
and war, in w'hich a concise analysis is made 
on the basis of recent English experience of 
the impact of total war on a country pre- 
viously' w'ell organized for tuberculosis con- 
trol. The author is conservative in his 
account of tuberculosis, not leaning to any' 
one of the several conflicting theories on 
pathogenesis, but giwng a factual account 
of present understanding, and frankly' ad- 
mitting our ignorance of certain phases of 
the development of the disease. 

The book is well written, and excellently' 
illustrated. A useful feature is an accurate, 
comprehensive summarization at the end of 
each chapter. The volume is recommended 
for all persons interested in tuberculosis, and 
p.irticularly for undergraduate and graduate 
medical students who wish a comprehensive 
riew of tuberculosis for incorporation in 
liioir general understanding of medicine. 

E. L. 


Psychotherapy in General Practice. 
Report on an Experimental Postgraduate 
Course. By Geddes Sjiith, Associate, 
The Commonwealth Fund. Pp. 38. New' 
York; Commonw'ealth Fund, 1946. 
Price, 25c. 

In an experimental effort to determine if 
doctors could be “taught to practice in 
their own offices the kind of medicine psycho- 
neurotic patients need,” 25 phy'sicians in 
general practice attended a postgraduate 
course of 2 weeks duration at the University' 
of Minnesota. As a course in psychotherapy, 
such compheated problems as deep-seated 
sexual dysfvmction, w'ere not attempted. 
From the results on 121 patients seen, it 
appears that a new outlook was given on 
medicine: “their attitude toward patients, 
their attitude toward disease, and their 
treatment of chronic illness.” N. Y. 


Medical Clinics of North America. 

July 1946. Mayo Clinic. Splenomegaly. 

Pp. 253. Philadelphia: Saunders, Price, 

816.00 yearly. 

This is an informative and absorbing 
number. The leading article review’s w'ell 
the disease entities to be considered should 
the examiner palpate the spleen in an adult 
patient. The papers on headache, gastros- 
copy, acute abdominal pain and chancroid 
stress the importance of the history in mak- 
ing the proper diagnosis. Physicians who 
have not bad the opportunity' to prescribe 
some of the more recently available chemo- 
therapeutic agents w'ill find the presentation 
on thiouracil, streptomy'cin, penicillin in the 
treatment of sy'philis and the newer sulfona- 
mides and antibiotics in intestinal diseases 
succinct and specific. 

The reriews of the treatment of headache 
and habitual abortion, the present status of 
thiocyanates in hypertensive disease, the in- 
creasing abuse of sedative drugs and the use 
of various kinds of insulin critically cover 
the practical problems of managing such 
patients. Several of the clinics on the thera- 
peutic agents present too enthusiastically 
the curative potentialities of these drugs. 
Studies on series of over 100 cases with a 
similar number of controls on placebo ther- 
apy* are in the minority. An example is that 
more than a minority of patients with 
chancroidal ulcers do not get complete heal- 
ing on sulfathiazole. Many' patients haring 
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acquired bacillary dysentery in this and 
other parts of the world are not improved 
by sulfadiazine even on near-toxic dosages. 
Increasing emphasis should be given to the 
toxic manifestations of these drugs which 
are so frequently prescribed. 

The article on the Problem of Blackout 
and Unconsciousness in Awators is unusual 
in a clinical presentation. This simple con- 
cise exposition of the vast amount of experi- 
mental work done in this field since 1939 is 
timely. It gives the medical man an oppor- 
tunity to learn about the human problems 
in aviation relating to the survival of air- 
men, how the physiologic mechanisms were 
studied, what solutions were brought forth 
and what problems are still unanswered. 

The physiologic investigation accomplish- 
ed in the marvelous medical research pro- 
gram coordinated by the Office of Scientific 
Research and Development should be sum- 
marized in the future Clinics of the appropri- 
ate institutions. J. H. 


Jewish Luminaries in Medical History- 
By Harry Friedenwald, M.D., D.H.L. 
(Hon.), D.Sc. (Hon.), Professor Emeritus 
of Ophthalmology, University of Mary- 
land, and a Catalogue of Works Bearing 
on the Subject of the Jews and Mediciue 
From the Private Library of Harry Fried- 
enwald. Pp. 199. Baltimore: Johns Hop- 
kins Press, 1946. Price, S3.00. 

As indicated by the title, this volume con- 
sists of a brief discussion of Jewish luminar- 
ies in medical history, and a catalogue of 


works bearing on the subject of the Jew in 
medicine, from the private hbrarj' of the 
author. 

If there is ever need for a source of infor- 
mation on the accomphshments of the Jew 
in medicine, the short lecture of Dr. Fried- 
enwald, and what he calls, “A modest but 
unique collection . . . which in a meas- 
ure illustrates the history of medicine among 
the Jews,” supphes a basis for this purpose. 
This volume, well organized and written, 
but only sparingly illustrated, is a worthy 
addition to the library of any medical 
bibliophile. The value of the book is espe- 
cially enhanced by the notes interpolated in 
the catalogue. H. B. 


Principles of Hematology. By Russell 
L. Haden, M.A., M.D., Chief of the 
Medical Division of the Cleveland Clinic; 
formerly Professor of Experimental Medi- 
cine in the Universit}' of Kansas School of 
Medicine. Pp. 366; 167 ills. 3rd Ed. 
Philadelphia: Lea & Febiger, 1946. Price, 
S5.00. 

This indeed thoroughly revised 3rd edition 
of a valuable book written, as Dr. Haden 
says, “to simplify the studies of disorders 
of the blood for the student and physician,” 
makes a very welcome third appearance. 
The description "of the technique of bone 
marrow puncture and the study of bone 
marrow' films” that has been added increases 
materially the value of this excellent and 
advisedly "simple discussion of the funda- 
mental principles of hematology .” E. T. 
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In recent years an increasing interest 
in hepatic diseases is manifest all over the 
world; this applies to both the acute and 
clironic forms. It is at least partly due 
to the violent outbreaks of infectious 
hepatitis observed during the war in many 
countries such as the epidemics among 
troops in the Middle East^'®-’^-® and in the 
Pacific,^® in London,® Italy and Malta.® 
Moreover, interest is enhanced by the 
increased knowledge of the epidemiology 
and pathology of hepatic disorders, the 
latter of which is greatly aided by the 
basic investigations of Roholm and Iver- 
sen.^® The classic conceptions such as 
catarrhal jaundice and alcoholic cirrhosis 
have been widely, if reluctantly, discarded 
in favor of the classification as toxipathic 
and trophopathic disorders, according to 
Himsworth and Glynn.^® The former 
have toxic infectious causes, whereas the 
latter are due to some dietary deficiency. 
Thus the toxipathic disorders of the liver 
comprise all acute and many chronic forms 
of hepatitis, whereas the remaining forms 
of chronic hepatitis and cirrhosis must be 
regarded as trophopathic, and this applies 
Iircsumably also to the alcoholic cirrhosis. 

In Denmark, acute hepatitis has run a 
course parallel to that in the rest of the 
world. /Vs sho\\Ti in Table 1 an increased 
number of cases has been observed during 
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the last 3 or 4 years, the disease being 7 
to 8 times as frequent as usual. 

Table 1.— Reported Case Incidence of 
Hepatitis in Denmark 



Entire 

country 

Dept. B 

1935 . 

5,347 

31 

1936 . 

2,761 

21 

1937 

2,208 

23 

1938 

2,257 

25 

1939 

2,718 

16 

1940 

3,079 

19 

1941 ■ 

6,461 

35 

1942 

10,819 

36 

1943 

18,008 

30 

1944 

15,977 

46 

1945 

14,184 

85 


The increasing frequency has, as might 
be expected, reflected itself in most of the 
medical hospital departments over the 
country. An example of this can be seen 
in Table 1, where there is also given the 
total number of cases of acute and chronic 
hepatitis, treated in Medical Dept. B of 
Frederiksberg Hospital in the period 
1935-1945. The explanation of the mark- 
ed increase of acute hepatitis in a country 
like Denmark, however, still remains to 
be determined. 

In Dept. B, however, it soon became 
eiident that besides the increasing fre- 
quency of acute hepatitis, another prob- 
lem presented itself— a problem of vital 
importance because of its seriousness and 
unusualness. Acute hepatitis tends to 
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run a benign course, terminating usually 
within a shorter or longer time in complete 
recovery. Now and then, however, a few 
eases are recorded which run either an 
acute lethal course or terminate in cir- 
rhosis. Some of our cases developed dif- 
ferently. In 1944 and 1945 a considerable 
number of cases, instead of running the 
usual benign course, had a very protracted 
course. Many of these patients devel- 
oped edema and ascites and death occur- 
red in half of them. It was still more 
striking that this malignant hepatitis oc- 
curred almost exclusively in women over 
45 years of age in contrast to acute infec- 
tious hepatitis, which ordinarily is most 
frequent in young men and women. 

Malignant hepatitis is no isolated phe- 
nomenon. Bjomeboe and Brochner-Mor- 
tehsen^ and Jersild'*^ have published simi- 
lar observations from the Municipal Hospi- 
tal, Copenhagen and Bispebjerg Hospital, 
Copenhagen, but I am not aware of reports 
from countries other than Denmark.* 
Bergstrand,^ however, in 1930, reported 
150 similar cases, of which 97 occurred in 
Sweden in 1927. There are, however, 
essential differences between Bergstrand’s 
cases and the disease as it appears in 
Copenhagen today. Among his 97 cases, 
28% were male, and 36 of the cases oc- 
curred in persons under 40. On the other 
hand, the clinical course and pathology 
closely resemble that observed in Copen- 
hagen during the 2 to 3 last years. 

Because of the frequent incidence of 
malignant hepatitis, its serious and pro- 
tracted course, and its high fatality rate, 
the following problems presented them- 
selves: (1) Is the incidence of malignant 
hepatitis an outcome of the highly increas- 
ed frequency of infectious hepatitis, i. e., 
are cases of malignant hepatitis just severe 
cases of ordinary acute infectious hepat- 
itis, or is this a new disease essentially 
different from acute hepatitis? (2) Is it 
possible at an early stage to establish a 
differential diagnosis between benign and 


malignant hepatitis? An answer to these 
questions is the primary object of the 
present studies. 

Frequency and Sex - Incidence in 
Malignant Hepatitis. As mentioned 
above the first cases of malignant hepat- 
itis were observed in 1944. Consequently, 
I have collected and studied all cases of 
hepatitis and cirrhosis, treated in Dept B 
in the period of Jan. 1,‘1944, to March 31, 
1946. The relatively few cases of Laennec 
cirrhosis vdth an alcoholic etiology have 
been eliminated and the same applies to 
biliary and syphilitie cirrhosis (hepar loba- 
tum) and "cirrhose cardiaque.” This 
leaves 136 cases of which 27 were fatal. 
Postmortem examinations were performed 
in 24 cases. The incidence of the cases 
appears in Table 2. 

Table 2. — Hepatitis in Dept. B. 

Jan. 1, 1944, to Mar. 31, 1946 


Benign . 

Men 

. 41 

Women 

41 

Total 

82 

Malignant: 

Surviving 

. 0 

27 

27 

Fatal . 

. 3 

24 

27 

Total . . . 

. 44 

92 

136 

The table shows that while the 

benign 


cases have had an equal sex distribution, 
the malignant cases have shown a marked 
female predominance and a fatality rate 
of 50 %. Clinical criteria for the diagnosis 
of malignant hepatitis have been lethal 
exitus, development of portal stasis, or a 
clinical course of 4 months duration or 
more. 

Age Distribution. The age distribu- 
tion of the hepatitis patients appears in 
Tables 3 and 4. 

The benign cases are put down in Table 3 
and the malignant ones in Table 4. From 
these 2 tables it appears that benign hep- 
atitis is most frequent in younger persons, 
and this is most marked in males where 
38 of 41 men (93%) are under 45 years of 
age, while only 27 of 41 women (66%) 
are in the same age groups. Ordinarily 
the disease is still more frequent in chil- 


* Since our receipt of this report, Baldwin Luck6 and Tracy Mallory have reported (Am. J. Path. 
22, 867, 1940) on 196 cases of fatal hepatitis in the TJ, S. Army of 'which 53% ^^-ere of a fulminating tnie* 
—Editobs. 
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dren under 15 years of age, but this is not 
manifest in our material data as Dept. B 
only admits a limited number of children. 


Table 3.— Age Disthibetion in Benign 
Hepatitis 


Years 

Men 

Women 

Total 

0-14 . . . 

. 3 

2 

5 

15-24 . . . 

. 11 

11 

22 

25-34 . , . 

. 22 

10 

32 

35-44 . . . 

. 2 

4 

6 

45-54 . . . 

. 2 

8 

10 

55-64 . . . 

1 

2 

3 

65-74 . . . 

. 0 

3 

3 

75-84 . . . 

0 

1 

1 

85 and over . 

. 0 

0 

0 

Total . . . 

. 41 

41 

82 


The age distribution in benign hepatitis 
is in striking contrast to the age distribu- 
tion in malignant hepatitis. In the latter 
disease only 3 of 51 women (6%) are 
under 45 years of age, all of the 3 men 
being over 45 years of age. The numbers 
in brackets indicate fatal cases, averaging 
50%. The fatality rate appears to in- 
crease with age. 


Table 4.— Age Distribution in Malignant 
Hepatitis 


Years 

Men 

Women 

Total 

0-14 . 

. 0 

0 

0 

15-24 . . . 

. 0 

0 

0 

25-34 . . . 

. 0 

2(0) 

2(0) 

35-^4 . . . 

. 0 

1(0) 

1(0) 

45-54 . . . 

. 0 

14(7) 

14 (7) 

55-64 . . . 

. 1(1) 

13 (5) 

14 (6) 

65-74 . . . 

. 2(2) 

16(9) 

18(11) 

75-84 

0 

4(3) 

4(3) 

85 and over . 

. 0 

1(0) 

1(0) 

Total . . . 

. 3(3) 

51 (24) 

54 (27) 


(Numbers in 


brackets arc fatal cases) 


Liver Function Tests. To obtain 
information about prognosis the results 
of various liver function tests performed 
on patients in both groups are being com- 
pared. In Dept. B few liver function 
tests are in use. On the other hand they 
have been repeatedlj' performed in all 
patients, because in our view it is prefer- 
able to apply few but familiar tests, the 
results of which can be reasonably well 
estimated, rather than to apply a greater 
number more or less at random. Beside 
the ordinary urinary tests, icterus index, 
Takata’s reaction, Bauer’s galactose test 


and determination of serum iron have been 
carried out repeatedly in all of these 
patients. The 3 blood tests mentioned 
have the advantage that they can be 
carried out on the same blood sample. The 
results are presented as follows: (1) im- 
mediately after admission, (2) the highest 
values observed during the clinical course 
and (3) the results before discharge or 
lethal exitus. It has not been possible to 
do this in all fatal cases as some of the 
patients died shortly after admission. In 
these cases a single group of tests only 
is given. In other patients the poor con- 
dition made the tests extremely difficult to 
obtain. 


Table 5.— Icterus 

Index 

IN 

Hepatitis 



Positive 

Negative 


No. 

% 

No. 

% 

a. Benign cases; 

41 male; 

On admission . 

38 

93 

3 

7 

During illness . 

38 

93 

3 

7 

On discharge . 

0 


41 

100 

41 female; 

On admission . 

34 

83 

7 

17 

During illness . 

36 

88 

5 

12 

On discharge . 

2 

5 

39 

95 

B. Malignant cases; 

27 surviving; 

On admission . 

26 

96 

1 

4 

During illness . 

27 

100 

0 


On discharge . 

14 

52 

13 

48 

27 fatal; 

Before death . 

24 

89 

3 

11 


iciervs Index. In Table 5 the icterus 
index, according to the method of Meulen- 
gracht has been put down as positive or 
negative. Positive means an index of 
15 or over. A high limit has intentionally 
been chosen to eliminate unequivocal re- 
sults. The benign cases are subdivided 
into male and female eases while the ma- 
lignant ones are subdivided into surviving 
and fatal cases. This arrangement is 
followed in the subsequent tables. 

As appears from the table, about 90% 
of the benign cases had an icterus index 
of 15 or over on admission, or during the 
course of the disease. All patients, 2 
women excepted, were discharged ■without 
jaundice. There was no difference be- 
tween men and women. Those 10% or 
so of the patients who were not jaundiced 
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in hospital had been jaundiced at home 
prior to admission. 

All survhdng patients with malignant 
hepatitis were jaundiced on admission, or 
became jaundiced during the course of 
the illness. Half of them were .still 
jaundiced on discharge, that is to say 
after a stay in hospital of several months 
duration. Of the 27 fatal cases, 3 were 
not jaundiced in hospital but had been on 
an earlier stage. 

Accordinglj", the icterus inde.v provides 
no reliable informations with the e.vception 
that protracted jaundice is ominous, just 
as might be expected. A normal icterus 
index does not, on the other hand, guar- 
antee against malignant hepatitis, as is 
evident from the 3 fatal non-jaundice cases. 


Tabi.e 6. — Tak.\t\’s Test in Hbp.atitis 

Positive Xegotive 



No. 

% 

No. 

% 

A. Benign cases: 

Male; 

36 on admission 

3 

8 

33 

92 

14 during illness 

1 

7 

13 

93 

20 on discharge 


0 

20 

100 

Female: 

33 on admission 

4 

12 

29 

SS 

17 during illness 

1 

0 

10 

94 

24 on discharge 

1 

4 

23 

96 

B. Malignant cases: 

Sundving; 

27 on admission 

19 

70 

S 

30 

26 during illness 

24 

93 

2 

S 

27 on discharge 

IS 

67 

9 

33 

Fatal; 

19 on admission 

14 

74 

5 

26 

IG before death 

14 

S7 

o 

13 

Takaia’s Test. 

In Table 6 the results 


of Takata’s test are recorded. Positive 
reaction means medium precipitation in 
at least 3 tubes, corresponding to the reac- 
tion generally indicated as -p- j-. It will 
be observed that while Takata’s test 
was negative in 90% of the benign cases 
on admission and, furthermore, became 
negative in all remaining benign cases, 
1 case excepted, it Avas positive in from 
70 to 74% of the malignant cases on 
admission. In the course of the disease 
92% of the sur\'i\'ing patients with malig- 
nant hepatitis developed a positive Takata 
test, and it remained positive in 67% of 
these patients on discharge. In 16 pa- 


tients Takata’s test was carried out 
shortly before death; it was positive in 
14 (87 %). Takata’s test indicates an 
abnormal albumin/globulin ratio in the 
plasma. In hepatitis this is due to a 
decreased albumin formation in the liver. 

The data in Table 6 perhaps establishes 
the great differential diagnostic and prog- 
nostic value of Takata’s test in hepatitis. 
As long as it remains negative a benign 
course is most likely, ccicris parihvs. 
The reverse is still more pronounced; if 
the test becomes positive, and, especially, 
if it remains positive the case is probably 
a malignant one. 

Table 7.— Bauer's Galactose Test 
IN Hepatitis 


Positive 

Negative 

No. % 

No. % 


A. Benign cases; 

Male: 

41 on admission 

20 

49 

21 51 

13 during illness 

6 

46 

7 54 

24 on discharge 

12 

50 

12 50 

Female; 

40 on admission 

28 

70 

12 30 

19 during illness 

12 

63 

7 37 

30 on admission 

13 

43 

17 57 

B. Malignant cases: 

Sunn vine: 

26 on admission 

17 

Go 

9 35 

26 during illness 

23 

88 

3 12 

26 on discharge 

19 

73 

7 27 

Fatal: 

16 on admission 

11 

69 

5 31 

7 during illness 

7 

100 

0 

9 before death 

G 

07 

3 33 

Bauer’s Galactose 

Test. 

, Tlie 

results of 

the galactose tests 

are 

demonstrated in 

Table 7. The test has been regarded as 

positive when there has been 

a urinary 


excretion of 3 gm. of galactose. It is seen 
in the table that the test has been positive 
in half of the benign cases or so, and this 
percentage has remained practically un- 
changed during the disease even when 
all of the remaining clinical sjTnptoms 
have disappeared. 

. In malignant cases a positive galactose 
test was somewhat more frequent, in 
almost 70% of the cases. During the 
further course of the disease it became 
positive in practically all cases, later again 
becoming negative in some cases, among 
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these even lethal ones. In manj' malig- 
nant cases there was a strilcingly positive 
reaction with an excretion of more than 
10 gm. of galactose. Apart from this 
inconstant finding the galactose test does 
not give any prognostic help Avorth men- 
tioning. In cases where it runs a course 
parallel to Takata’s test, it may eventu- 
ally give some further support to the esti- 
mation of the character of the case. It is 
extraordinary to notice the frequent inci- 
dence of a positive galactose test in the 
malignant cases, the test, in my opinion, 
most usually being negative in the ordi- 
nar5'^ atrophic cirrhosis of Laennec. 

Serum Iron. Determination of serum 
iron has been used for several years in 
Dept. B as a help in the differential 
diagnosis between hepatitis and obstruc- 
tive jaundice. According to Bjerre and 
Christoffersen,® an elevation of the serum 
iron to 200 yug. per 100 ml. and over is 
observed in 70% of all cases of acute 
hepatitis, Avhile normal or slightly lowered 
values are obtained in obstructive jaun- 
dice. 


Table 8.— Sebum Ibon in Hepatitis 



Positive 

Negative 

• 

No. 

% 

No. 

% 

a. Benign cnsc-s; 

Male: 

40 on admission 

7 

IS 

33 

82 

31 during illness 

10 

52 

15 

48 

34 on discharge 

5 

15 

29 

S5 

Female: 

.38 on admission 

S 

21 

30 

79 

27 during illness 

11 

41 

16 

59 

35 on discharge 

1 

3 

34 

97 

B. Malignant cases: 

Surviving: 

27 on admission 

4 

15 

23 

85 

27 during illness 

14 

52 

13 

48 

27 on discharge 

1 

4 

20 

96 

Fatal: 

10 on admission 

3 

19 

13 

81 

10 during illness 


0 

10 

100 

14 before death 


0 

14 

100 

In Table S are 

given 

the 

serum 

iron 


determinations in our cases. It appears 
that both in benign and malignant liepat- 
itis a serum iron of more than 200 gg. per 
100 ml. is found in half of the patients. In 
benign cases it later decreases, as a rule, 
somewhat more slowly than the ictenis 
index, but in 10% of the patients it 


remains elevated above 200 gg. per ml. 
on discharge. In malignant cases ' the 
serum iron runs a similar course. It may 
be significant that normal values were 
obtained in all of the 14 patients exam- 
ined immediately before death. It has 
to be admitted, however, that no great 
prognostic help is given by determination 
of serum iron in the malignant cases. At 
the very best one may get a slight indica- 
tion, supporting or weakening a diagnosis 
based on other facts. 

Clinical Symptoms. Asdtes, Devel- 
opment of ascites and edema must, as a 
matter of fact, be regarded as a very 
serious sign, provoked as it is partly by 
cirrhotic processes in the liver and partly 
by a loAvered osmotic pressure in the 
plasma, due to deficient albumin forma- 
tion in the liver. 


Table 9.— Ascites in Hepatitis 


• 

Positive 

Negative 

A. Benign cases: 

82 male and female 

. 0 

82 

B. Malignant cases: 

27 surviving; 

On admission . 

2 

25 

During illness . 

5 

22 

On discharge . 

2 

26 

Fatal; 

24 on admission 

11 

13 

23 during illness 

19 

4 

27 before death 

20 

7 


In Table 9, the incidence of clinically 
demonstrable ascites in all of the patients 
is given. While ascites developed in none 
of the benign cases it was found on admis- 
sion in 2 of the surviidng malignant cases. 
In 3 of these cases considerable ascites 
d eveloped during the illness, accompanied 
by pronounced edema of the legs. In all 
3 patients, 2 younger and 1 older woman, 
however, ascites and edema disappeared 
little by little during some months as 
complete clinical recoi’ery was observed 
and all function tests became normal. 
Thus a symptom as serious even as ascites 
must be estimated with reservation as to 
prognosis. That portal stasis still is ex- 
tremely serious is sufficiently evident 
from the development in the fatal cases. 
On admission, ascites was found in 11 of 
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24 cases but at the time of death it was 
present in 20 of 27 patients. 

Pain. In our few eases of malignant 
hepatitis a striking symptom was pain. 
Several of these patients suffered from 
repeated attacks of intense pain under 
the right costal margin. At first when 
the disease was new and unknown the 
diagnosis of gall stones was often made, 
and 2 of these patients had laparotomies 
performed. It is my impression that pain 
prevails chiefly in the early stages of the 
disease and that it is often accompanied 
by fever. In manj'" malignant cases, how- 
ever, pain never occurs. On the other 
hand, patients vdth infectious hepatitis 
not infrequently give a historj”^ of pain, 
as it is well known. In Table 10 is shown 
the incidence of pain in our material. 

Table 10. — Pain in Hepatitis 

Positive Negative 



No. 

% 

No. 

% 

A. Benign cases: 

41 male 

. 12 

29 

29 

71 

41 female 

7 

17 

34 

S3 

B. Malignant cases: 

27 surviving . 

. IS 

C7 

9 

33 

27 fatal . 

. 10 

37 

17 

63 


As will be seen, 23 % of the benign cases 
give a history of pain. In the survmng 
malignant cases the corresponding num- 
ber is 67% and in the fatal cases 37%. 
A numerical setting up of a symptom-like 
pain must always, however, be estimated 
with a certain reservation. As to pain 
its importance depends on its nature 
rather than on its frequencj\ In most of 
the benign cases the pain has manifested 
itself as a slight diffuse oppression in the 
abdomen. In malignant cases the pain 


most often occurs as attacks of intense 
ache, localized under the right curvature. 
Such attacks favor, if gall stones can be 
excluded, the diagnosis of malignant 
hepatitis. In this disease, however, pain 
is of no special serious prognostic impor- 
tance, being more frequent in surviving 
than in fatal cases. 

Blood. A sjnnptom of frequent occur- 
rence in hepatic cirrhosis is macrocytic 
anemia. As it might be possible to dis- 
tinguish between benign and malignant 
hepatitis through differences in the blood 
pictures, red cell counts were done in 
8 patients with benign hepatitis and in 
13 surmving and 10 fatal cases of malig- 
nant hepatitis. All counts were performed 
on women. The mean results are to be 
found in Table 11. 

Table 11. — Me\n Blood Counts 



Hemo- 

globin 

R.B.C. 

C.I. 

A. Benign cases: 

S female 

. ss% 

4 03 

l.OS 

B. Malignant cases: 

13 surviving 

. 76% 

3.57 

1.07 

10 fatal . 

. 76% 

3 41 

1.10 


It will be seen that the counts are some- 
what lower in the malignant cases than in 
the benign ones. This was to be expected 
according to the age distribution of the 
disease. The difference, however, is so 
slight that it can hardlj" yield any diag- 
nostic or prognostic help. 

Duration. The duration of the disease 
is shown in Table 12. The pre-icteric 
sjTnptoms in hepatitis being rather vague 
and non-characteristic, the onset of the 
disease has been counted from the devel- 
opment of jaundice, this symptom being 


Table 12. — Dubation of Stiiptoms (in Months) 



Less 












12 















nnd 



1 

1 

2 

3 

4 


G 

7 

S 

9 

10 

11 

over 

Total 

. Benign cases: 















Male . . . 

15 

IS 

5 

3 










41 

Female 

12 

21 

6 

2 










41 

Total 

27 

39 

11 

5 










S2 

. Malignant cases: 















Fatal . 

1 

O 

4 

o 

3 

3 

3 

0 

1 

1 

1 

0 

3 

27 

St3tionar3- 

0 

0 

1 

0 

0 

1 

0 

1 

1 

1 

3 

0 

o 

10 

Improved or cured 

. 0 

0 

0 

1 

6 

0 

1 

4 

1 

0 

1 

0 

3 

17 

Total .... 

1 

o 

5 

0 

9 

4 

4 

5 

3 

o 

5 

0 

s 

5^1 
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so conspicuous that it will hardly be over- 
looked long. The duration has in benign 
cases been counted until full clinical re- 
covery, in malignant cases until death or 
discharge without regard to whether the 
discharge has taken place at full clinical 
recovery, considerable or only slight im- 
provement or stationary condition during 
a longer period. 

From the data it appears that the dura- 
tion in most of the benign cases is less 
than 2 months and in the remaining ones 
3 to 4 months. In a considerable number 
of cases, malignant hepatitis runs an acute 
course; thus no less than 12 of 54 patients 
died in less than 4 months. In most of 
the cases the duration was 4 to 9 months, 
only 8 lasting more than 1 year. These 
facts rather than the pathologic changes 
justify the term malignant hepatitis which 
must be preferred to the term chronic 
hepatitis even if many of the cases run 
a decidedly chronic course. 

Pathologic Anatomy. In 24 cases 
(3 male and 21 female) of a total of 27 
fatal cases postmortems have been carried 
out. The pathologic findings have been 
strikingly uniform. It is remarkable how 


slightly the varying duration has influ- 
enced the pathologic changes. Macro- 
scopically, the liver is extremely reduced 
in size, often being only half or two-thirds 
of its normal size. The form is unchanged 
in its broad features, the edges sharp. 
The consistenc}'^ is tough, rather compact 
and yet flaccid. The surface shows an 
irregular finer or more coarse ruggedness 
and granulation, bigger and smaller round- 
ish, smooth, bulging, yellowish or yellow- 
greenish areas, strongly contrasting with 
intervening darker, gray-red or gray- 
green, sunken, vTinkled areas, frequently 
of considerable extent. The cut surface 
e.xhibits a corresponding pieture of slightly 
prominent, softer, dull, yellowish-green, 
yellowish islands of liver tissue, irregu- 
larly distributed in a cicatrized connective 
tissue wliich is sunken, smooth, more 
compact, grayish or red-grayish. 

Microscopically, the prominent areas 
consist of islands of liver tissue, the cells of 
which show all stages of transition from 
apparently normal, newly formed cells, 
through turgid, granular and fatty de- 
generated cells to completely necrotic cells. 
Bile pigment lies free between or in the 



I- , « ^ 2 

"f.l'vcr showinK liver eoll isbnds surrounded by cicatrized connective fi^ne 
lyiuphoc>aeVnnUraUoir raaRnification, showing degeneration of liver cells and 
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cells, lobular delimitation is poor. In 
places where the tissue is best preserved 
necrosis and degeneration frequentlj^ seem 
to be most pronounced in the centers of 
the lobules. The outer zone, however, 
is often destroyed and lobules are dis- 
persed in isolated bigger and smaller 
roundish groups of cells. The shrunken 
tissue between the islands of liver tissue 
consists of fibrous cicatrized, tissue, con- 
taining varying numbers of capillaries 
with an increased number of leukocytes. 
Furthermore, there are numerous pro- 
liferated bile ducts with dark staining 
low cells, and here and there isolated liver 
cells or small groups and areas of these. 
The tissue is conspicuously infiltrated 
with l.^^nphocytes, a few plasma cells, 
migrant cells and nuclear remnants, as 
well as scattered leukocytes. In the orig- 
inal portobUiary spaces the round cell 
infiltration assumes an almost follicular 
character. 

As a whole, the picture conveys the 
impression of a continuous degenerative 
process, developing into necrosis nith 
subsequent organization of the necrotic 
liver tissue and cicatrization, combined 
with endeavors of regeneration from the 
liver tissue and continued degeneration of 
the newly formed liver tissue. 

The pathologic changes described here 
are characteristic of malignant hepatitis 
and distinctly different from those ob- 
served both in acute hepatitis- and acute 
yellow atrophy. They are in close ac- 
cordance with those reported by Berg- 
strand. ^^^lether the changes in the ini- 
tial stages of malignant hepatitis are 
characteristic of this disorder or corre- 
spond to those observed in acute hepatitis 
cannot be determined from this material, 
as no liver biopsies have been performed. 
Jlaybe the latter possibility is more 
likely, even if it is striking that in acute 
fatal cases changes were found, closely 
resembling those described above. 

Likewise, the absence of liver biopsies 


prevents the information rvhether the 
pathologic changes decrease and disap- 
pear in patients with malignant hepatitis 
where clinical recovery is complete. This, 
of course, is a great lack, but we did not 
feel justified in exposing these patients 
with their small flaccid livers to the 
trauma of repeated lir'er biopsies. 

Etiology. Infectious hepatitis is gen- 
erally regarded as an infectious disease, 
caused by a filterable -surus. Is malignant 
hepatitis just a variety of this disease, 
provoked by special factors, or is it a 
separate disease, perhaps not even an in- 
fectious one? It is difficult to answer the 
question at present. In its early stages 
the disease can hardly be distinguished 
from benign hepatitis but this does not 
prove that it is the same disease. Acute 
hepatitis and serum jaundice, for instance, 
are regarded as separate diseases because 
of their different time of incubation, in 
spite of their othervnse uniform course 
and uniform pathologic changes.* 

Trying to find out whether in this 
material difference betv'een the etiology 
in benign and malignant hepatitis can be 
traced, I have in Table 13 put down 
evidence that might be of etiologic im- 
portance. 


Table 13. — Etiologic Factors 

Benign caeee Malignant caaee 


Male 


None . 28 

Contagion 11 

Arsenic therapy 0 
Syphilis I 

Pregnancy 0 

Diabetes 1 

Total . -II 


Female Sun-iving Fatal 
29 25 27 

3 1 0 

3 0 0 

1 0 0 

2 1 0 

3 0 0 

41 27 27 


Table 13 shows that in 25 of 82 benign 
cases etiologically significant facts were 
found, 14 being cases with proved contact 
with patients suffering from hepatitis. In 
only 2 of 54 malignant cases could etio- 
logic facts be traced. The numbers are 
small but even so the difference seems to 
be too big to be entirely casual; it rather 


• Recent studies in the United States have given evidence that the \dral etiologic agents of scute 
(infectious) hep.atitis and homologous serum hepatitis are not identical and differ at least in their anti- 
genic properties. — Editors. 
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suggests an etiology in malignant hepat- that is not so, neither in Dept. B nor in 
itis different from the one in benign cases, the entire country. As shown, the malig- 
There is, however, another fact which nant form occurs practically only in 
still more corroborates this suggestion. women over 45 years of age, whereas the 
In Table 14 will be seen the total num- benign form is predominant in children 
ber of cases of acute infectious hepatitis and young men and women vnth a slight 
in Denmark in the period 1935-45, sub- male predominance. This is in perfect 
divided for children, men and women, accord with the conditions in Dept. B. 
Furthermore the corresponding total num- Because of this fact and the etiologic dif- 
ber of deaths from acute and chronic ferences suggested above, it seems thus 
hepatitis and cirrhosis is included. It is far to be justifiable to maintain that acute 
significant that while the increase of acute infectious hepatitis and malignant hepat- 
hepatitis since 1941 is most marked in itis are 2 separate disorders. The former 
children and men, the marked increased is of varying frequency, at times it is epi- 
number of deaths in 1944 and 1945 only demic, and it is always predominant in 
concerns the women, giving in 1945 a young persons with an almost equal sex 

Table 14. — Gabes of Infectious Hepatitis in Denmark 1935-45 and Deaths From Hepatitis 

AND Cirrhosis in the Same Period 

Deaths from hepatitis and cirrhosis 


Hepatitis Men Women 



Children 

Men 

Women 

Children 

No. 

% 

No. 

% 

1935 

.3010 

1221 

1116 

3 

47 

3 8 

35 

3.1 

1936 

1309 

760 

092 

1 

52 

6.8 

30 

4 0 

1937 

975 

607 

626 

2 

54 

8 9 

18 

2 9 

1938 

911 

687 

659 

2 

54 

7.9 

25 

3.6 

1939 

1307 

087 

724 

1 

63 

9 2 

19 

2.6 

1940 . 

1471 

813 

795 

0 

36 

4 4 

17 

2.1 

1941 

2879 

1854 

1728 

2 

52 

2 8 

43 

2.5 

1942 

4810 

3310 

2699 

1 

59 

1 S 

24 

0 9 

1943 

7670 

5605 

4732 

3 

47 

0 8 

40 

0 8 

1944 

G19S 

5249 

4530 

3 

57 

1 1 

116 

2 5 

1945 

4170 

5376 

4038 

0 

91 

1 7 

534 

11 6 


fatality rate of 11,5% of the total number 
of cases of hepatitis, while the male fatal- 
ity rate is much lower than previously 
noted. This can, as far as I can see, only 
be explained by assuming that the greater 
part of the male deaths is due to the 
ordinary cirrhosis of Laennec, always a 
disease predominant in men, the inci- 
dence of which has remained unchanged 
in the last years, unafi’ected by the varia- 
tions in the frequency of hepatitis. The 
great increase of female deaths must, 
however, be ascribed to malignant hepat- 
itis, the conditions in the whole country 
thus corresponding exactly to those in 
Copenhagen. 

If malignant hepatitis were nothing but 
a variety of acute infectious hepatitis, a 
distribution of the malignant cases might 
be expected that was in accordance with 
the distribution of the acute cases, but 


distribution. It is usually benign in its 
course, this also being the case in the 
recent epidemic outbreaks mentioned be- 
fore. The latter has not been observed 
before 1944 and it occurs practically only 
in elderly women. It runs an extremely 
malignant course, having a fatality rate 
of 50%. 

But even if malignant hepatitis is con- 
ceived as a separate entity, no explana- 
tion of its etiology has yet been given. 
It is not even known whether it is an 
infectious disease. Contagiousness has 
not been definitely proved and transmis- 
sion experiments do not appear tempting 
with a disease of this nature. No other 
certain etiology has been substantiated. 
Gold and arsenic therapy and alcohol may 
decrease resistance against acute hepatitis® 
but these facts are absent in the material 
investigated here. The only features ap- 
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parently in common are the age and sex, 
50 of 54 patients being climacteric or post- 
climacteric women. Only 1 woman is less 
than 35 years of age, the remaining 3 pa- 
tients being elderly men. Obviously hor- 
monal factors must be considered in the 
etiology' but any particular information 
concerning this point cannot be obtained 
from the material presented here. 

Repeated and complicated pregnancies 
might play a part in the later develop- 
ment of malignant hepatitis in these 
elderly women. 

Table 15. — Pregnancies in Pexiale Cases or 
Malignant Hepatitis 


Pregnancies 

Surviving 


Fatal 

0 . . . 

. 15 6S% 

4 

27% 

1 . . . 

• 

5' 


2 . . . 

3 . . . 

• 1 1 32% 

3 

2 

73% 

4 . . . 

1 j 

ij 



22 

IS 


No information 

. 5 

9 



27 

24 



Table 15 gives the number of pregnan- 
cies in the female cases of malignant 
hepatitis as far as information has been 
available. The numbers are too small to 
be significant. They do seem to imply, 
however, that no more pregnancies have 
occurred among these women than among 
women in average. The reverse appears 
to be the case: the number of unmarried 
women being comparatively large. As to 
pregnancy no comparison can be made 
betiveen benign and malignant hepatitis 
because of the different age distribution 
of the diseases. 

All theories on the etiology in malignant 
hepatitis must therefore remain specula- 
tive. Demands on the liver caused by 
various vaccinations, so frequent in recent 
years, may play an etiologic role. It is 
difficult to understand, however, why this 
feature should be predominant in elderly 
women who would hardly be more fre- 
quently vaccinated than the remaining 
part of the population. 

TnE.^’niENT. The treatment in malig- 
nant hepatitis must be considered just as 
uncertain as the etiology. The treatment 


substantially is symptomatic, the chief 
principle being to do no damage. In 
Dept. B the patients liave been given a 
balanced light diet with the addition of 
vitamins and symptomatic treatment as 
needed. Rest in bed has been considered 
the chief curative measure, the patients 
haiung been hept in bed until tlie disap- 
pearance of clinical symptoms or until the 
condition has remained stationary over a 
longer period. 

Theoretically, an early treatment with 
methionine, cystine, choline or, eventu- 
ally, estrin should be indicated. The 
treatment should begin at an early stage 
when the pathologic changes in the liver 
have only slightly developed, as it is diffi- 
cult to imagine how any drug therapy 
should be able to influence pathologic 
changes of the character described above. 
Before it is possible to establish an early 
differential diagnosis betv’een benign and 
malignant hepatitis it will, however, be 
extremely difficult if not impossible to 
estimate the therapeutic results, as all 
cases responding to treatment would, 
eventually, be conceived as benign cases. 

(Conclusion and Summary. One may 
conclude from the observations reported 
here that an extremelj' malignant form of 
hepatitis has been appearing in Denmark 
since 1944. It is predominant in women 
over 45 years of age and has a fatality 
rate of 50 %. Most frequently its duration 
is from 4 to 9 months, but both a much 
more acute and a more protracted course 
may be observed. The clinical features 
are jaundice, frequent febrile attacks of 
pain and development of symptoms of 
portal stasis. As to prognosis, the result 
of Takata’s test is important, whereas 
the remaining liver function tests applied 
are of secondary value only. The lesions 
are characterized by destruction of the 
liver tissue, and in tlie more chronic cases 
development of a cicatrized connective 
tissue. Therefore, the etiology is obscure. 
Both etiologically and clinically the dis- 
ease differs in essential points from acute 
infectious hepatitis. The treatment has 
until now been entirely symptomatic. 
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Not wishing to delay this important article by communicating noth the author in Denmark, we 
venture to suggest a different interpretation from that given above; namelj% that the increased incidence 
in both sexes may be due to the spread of the virus of epidemic hepatitis in sufficiently benign form 
to lower the mortality ralo in both sexes, though, for reasons still unknown, the mortality rate in 1944 
and 1945 is much higher in women than in men. — Editors. 
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During the past several j'ears we have 
had an opportunity' to study patients ivith 
acute respiratory tract infections, particu- 
larly those with primary atj'pical pneu- 
monia, and the results of certain investi- 
gations have been published.^'® During 
the course of the study patients were 
admitted to this hospital who were 
thought to have primary atypical pneu- 
monia. Following careful examination 
some of the patients seemed clearly to 
have respiratory infections of another sort, 
and in others reUsion of the initial diag- 
nosis was made necessary by subsequent 
laboratory findings. The results of studies 
on these patients serve to call attention 
to the difficulties of accurate clinical diag- 
nosis of acute respiratory infections. It 
is the purpose of this communication to 
emphasize these difficulties, to assess the 
extent to which laboratory studies may 
serve to establish accurate diagnoses in 
such conditions, and to present eAadence 
indicating that more than one infectious 
agent may be operative in some instances 
of acute respiratory infection. For the 
purposes of this study the attitude was 
adopted that all final diagnoses were to 
depend upon positive laboratory evidence. 
In those instances in whicii only negative 
laboratory data were obtained, a specific 
final diagnosis was not assigned. 

Patients and Methods. Padmls. The 26 
patients included in this report are made up 
of 2 small groups, each admitted to the 
Hospital of The Rockefeller Institute during 


mild influenza epidemics in the New York 
area, 1 in the winter of 1943^ (influenza A) 
and the other in the winter of 1945-46 
(influenza B). In each group patients are 
included who were admitted between the 
first and last cases showing evidence of influ- 
enza virus infection. The patients are few 
in number, aU but 1 were in military service, 
and they were young, pre\iously healthy 
adults. These facts, which might be re- 
garded as objectionable w'ere an attempt 
made to draw general inferences from the 
groups, obviousi}' do not weigh against con- 
sideration of each patient as an individual 
diagnostic problem. 

Procedure. On admission, after a history 
was obtained, each patient was examined. 
Roentgen ra}'s of the chest w'ere taken, 
swabbings of the nasopbarjmx w'ere obtain- 
ed, and blood was drawn for culture as well 
as for hematologic and serologic studies. 
Sputum was collected when available. 
Nasopharjmgeal washings were collected 
from selected patients. Some of these pro- 
cedures were repeated at weekly or more 
frequent intervals. 

Baderiologic Procedures. Swabbings of 
the nose and throat were streaked on rabbit 
blood agar plates. Sputum was similarly 
cultured. Either a small amount of sputum 
or the throat swab was also cultured in a 
selective medium to facilitate the isolation 
of certain non-hemoiytic streptococci.® Spu- 
tum, or a portion of the throat washings, was 
inoculated intraperitoneally in a mouse. A 
stained smear of the sputum was made, and 
if it showed organisms resembling pneumo- 
coccus, an attempt was made to identify 
this organi-sm by the direct "quellung" 
technique. 


♦ The Bureau of Medicine and Surperj* doe* not Ticcc*5anly undertake to cndor«e the viewt or opinion* 
which arc e\pre^~cd in thK paper. 
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In the identification of organisms recov- 
ered by these methods, various procedures 
were employed. Certain common nose and 
throat organisms were identified bj’- their 
colony characteristics and appearance on 
stained smears; these included the staphjdo- 
cocci, organisms of the Neisseria group, 
Hemophilus hemolyticus and diphtheroids. 
Organisms resembling beta-hemolytic strep- 
tococcus, pneumococcus or Hemophilus in- 
fluenzse were further identified. Those sus- 
pected of being beta-hemolytic streptococci 
were subcultured, extracted, and the extracts 
set up against diagnostic serum for each 
Lancefield group; organisms belonging to 
Group A were typed by the Lancefield pre- 
cipitin technique. Strains of pneumococcus 
were identified by the “quellung” method, 
employing sera for Types I through XLIII. 
Organisms resembling H. influenzse were 
routinely tested by the “quellung” method 
using typing sera A through F. Non-hemo- 
lytic streptococci recovered in the selective 
medium were grown on 5% sucrose agar, 
to distinguish Sir. salivarhis from the organ- 
ism known as streptococcus MG,® and further 
identified by the “quellung” technique with 
antistreptococcus MG serum. 

Influenza Virus Identification. Strains of 
influenza virus were recovered by the inocu- 
lation of throat washings into the amniotic 
sac of the chick embrjm. The presence of 
virus in embryonic fluids was recognized by 
chicken erythrocyte agglutination, and the 
virus was identified by the inhibition of this 
effect with specific antisera against influ- 
enza A or B Aorus. 

Serologic Procedures. Standard methods 
were employed in testing the sera for pneu- 
mococcus agglutinins, streptococcus MG 
agglutinins,® cold hemagglutinins,^ influenza 
virus antibodies,^ and antistreptolysin O.® 
The antistreptolysin 0 tests were done 
through the courtesy of Dr. Sidney Roth- 
bard of the Hospital of The Rockefeller 
Institute. 

Laboratory Studies, Results and 
Interpretation. The patients included 
in this study are listed in Table 1 in the 
order of their admission. Their initial 
diagnoses, laboratory findings, and final 
diagnoses are shown. Since one purpose 
was to relate laboratory data to the clini- 
cal picture, the laboratory findings and 
the serologic tests employed, as well as 


the criteria for their evaluation will be 
discussed. The relation of the initial 
diagnosis to the final diagnosis will be 
considered later. 

1. Pneumococem. As shown in Table 1, 
pneumococcus was recovered from 12 pa- 
tients. Types 4, 7 (Case 14), 19 and 28 
were typed direetly in the sputum. Type 7 
(Case 25) grew in pure culture from nasal 
swabs. Type 43 was obtained from nose 
and throat cultures. Types 3, 6, 8, 13, 
15 and 34 were recovered only after mouse 
inoculation, and could not be identified 
in nose, throat or sputum cultures. 

Acute and convalescent sera from each 
patient from whom pneumococeus was re- 
covered were tested for the presence of 
agglutinins against the homologous type. 
The results are to be seen in Table 1. 
Agglutinins were present in none of the 
acute sera in a dilution of 1:10. Agglu- 
tinins in low titer developed in the con- 
valescent sera of both patients with Type 7 
(Cases 14 and 25) and in the serum of the 
patient with Type 8 (Case 26). The 
reason for the failure to identify pneumo- 
coccus directly in the sputum of Case 26 
and in Case 25 was proliably attributable 
to previous treatment, in 1 case with 
sulfadiazine, in the other with penicillin. 
Case 16 failed to develop demonstrable 
agglutinins against Type 4, but mouse 
protective antibody was present in serum 
obtained on the 8th day and attained high 
titer later. The course and serologic find- 
ings warrant a diagnosis of pneumococcal 
pneumonia in Cases 14, 16, 25 and 26. 

No positive evidence was obtained re- 
garding the role of pneumococci in the 
patients with bronchitis but without pneu- 
monia. The direct identification of Type 
28, in the sputum of Case 23, is of doubtful 
significance; this patient developed sig- 
nificant titers of both cold hemagglutinins 
and streptococcus MG agglutinins. 

2. Bcfa-hcmolytic Strc 2 )tococcus. Beta- 
hemolj'tic streptococci were recovered 
from the nose, throat or sputum of 8 pa- 
tients. One organism (Case 20) belonged 
to Group B and another (Case 12) to 
Group G; the remainder were Group A. 
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In 4 instances (Cases 1, 17, 19, 21) the 
streptococci were present in large num- 
bers; in 2 (Cases 23 and 24) only a few 
colonies were seen. The streptococci from 
Cases 1, 19 and 23 were not tj'pable. 
Cases 21 and 24 both had Type 3, and 
Case 17 Type 17. 

Acute and convalescent sera from each 
patient with a Group A streptococcus were 
tested for antistreptolysin O content. In 
this test the degree to which serum in- 
hibits hemolj'sis of eiythroc^’tes by strep- 
tolysin O, derived from Group A beta- 
hemolytic streptococcus, is measured. The 
antistreptolysin titers of sera from these 
patients are recorded in Table 1. E\d- 
denee of infection by Group A organisms 
rests not upon the titer of a single serum, 
but upon the increase in antistreptolysin 
titer during convalescence as compared 
to that present in the acute phase of illness. 

None of these patients was thought to 
have more than the moderate pharjmgitis 
common to many acute respiratory infec- 
tions and only 3 (Cases 19, 23 and 24) 
complained of sore throat. Two of these 
(Cases 19 and 24) were among the 3 pa- 
tients (Cases 19, 21 and 24) who showed 
a significant rise in antistreptolysin titer. 
Of the other 3 patients, 2 (Cases 17 and 
23) showed normal antistreptolysin levels 
without a significant rise in convalescence, 
the other (Case 1) showed a persistently 
high level, suggesting a carrier state fol- 
lowing infection, of which, however, there 
was no history. 

The benign role of beta-hemolj'tic strep- 
tococci in the patients with influenza is of 
interest since the combination might be 
expected to produce serious disease. That 
this may occur is e\'idenced by 1 patient, 
not included in this study, with a historj' 
and serologic evidence of a very recent 
influenza B virus infection who was ad- 
mitted with a scarlatiniform rash and 
pneumonia, complicated by a massive 
pleural effusion, from whom beta-hemoly- 
tic streptococcus, Group A, Type 3, was 
recovered. Even with sulfadiazine and 
penicillin therapy, to both of which drugs 


this organism was susceptible, this patient 
was critically ill for 7 days. 

3. Influenza Viruses. No attempt was 
made to recover influenza virus from all 
patients. It is of interest that in 1945 
the initial diagnosis of influenza in Case 17 
was confirmed within 48 hours, by the 
recovery of influenza B wus from the 
throat washing. In every case, acute and 
convalescent sera were tested for anti- 
bodies against both influenza A and B 
viruses. 

Influenza viruses possess the property 
of agglutinating erythroeytes of certain 
species. Without respect to recent infec- 
tion many human sera possess the capac- 
ity, in greater or lesser degree, of inhibit- 
' ing the phenomenon of hemagglutination. 
However, the agglutination-inhibition titer 
of serum from a patient convalescing from 
an influenza \arus infection, when com- 
pared with the titer of serum obtained 
during the acute phase, usually shows a 
considerable increase directed specifically 
against the influenza virus (A or B) by 
which the indi\ddual was infected. If the 
agglutination-inhibition titer of a convales- 
cent serum with respect to one or the other 
of the influenza viruses is 4 or more times 
greater than the acute phase serum titer, 
a diagnosis of infection by that influenza 
\Trus may be made with assurance. 

In Table 1 the serum titers against both 
influenza A and influenza B ^’iruse3 arc 
expressed for each patient by a value 
representing the arithmetical increase of 
the convalescent titer as compared vntli 
the acute phase titer. For 2 patients 
(Cases 21 and 23) the actual titers are 
given since, although a rise could not be 
shown, they were each admitted after 
more than 1 week from onset with titers 
high enough to warrant a presumptive 
diagnosis of influenza. 

It may be seen that during periods when 
infection by influenza ^nruses was preva- 
lent many, but not all, of the cases of 
acute respiratorj' disease showed eridcnce 
of influenza ^^^us infection. Of the 2G pa- 
tients with respiratory disease admitted 
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during 2 epidemic periods, 17 shon-ed eAU- 
deuce of infection Avith an influenza A'irus. 
One patient (Case 24) gave eAndence of 
influenza A A'irus infection at a time rrhen 
influenza B AA'as epidemic. The antibody 
titer of this patient’s conA'alescent serum 
was only 3 times greater than that of bis 
acute phase serum. HoweA-er, tliis increase 
was repeatedly demonstrable, was appar- 
ent also in a chick embryo protection test, 
and is very probably significant. At- 
tempts to recoA'er influenza Aurus from 
this patient were unsuccessful. This pa- 
tient illustrates the fact that cases of 
infection by one of the influenza attuscs 
when the other attus is epidemic, though 
uncommon, do occur. 

Cases 4 and 17 showed serologic evidence 
of influenza A-inis infection, and influenza B 
A'irus was recoA'ered from Case 17. Case 4 
presented physical and Roentgen ray signs 
of pulmonary inA'oh'ement on admission. 
In Case 17 a hazy but definite right lower 
lobe shadow, not present on admission, 
was seen in a Roentgen ray on the 4th 
day; it disappeared during conA-alescence, 
and was unaccompanied by physical signs. 
In Case 4, no significant bacteria were 
recoA'ered. Case 17 showed in throat cul- 
ture beta-hemolytic streptococcus. Group 
A, Type 17, but antistreptolysin O tests 
gaA'e no evidence that this organism had 
caused infection. Both cases, therefore, 
represent e.vamples of influenza Aurus infec- 
tion associated AAith pneumonia of unde- 
termined etiology, and again raise the 
question of whether the influenza attuscs, 
which are capable of causing pneumonia 
in other susceptible species, are also cap- 
able of effecting a similar pathologic pat- 
tern in man, 

4. //. Influenza: Group. Organisms re- 
sembling //. influnizsr Avcrc rccoA'crcd from 
6 patients (Cases 5, 0, 16, 17, 22 and 23); 
none was tA-pable and e.xcept in 1 patient 
(Case 22) in Avhich they AA-ere the pre- 
dominant organism in the sputum, they 
were pre.‘:ent only in small numbers. 

o. Xon-h' inolude Stceptnrnccu.f (MG). 
Eight patient.s (Cases I, 9, I.a. 16, 17. IS, 
19 anri 22) .•showed .ctrcptocomis 31G in 


cultures of sputum or throat. Of these, 
only 2 (Cases 1 and 16) deA'eloped agglu- 
tinins against this organism. The inci- 
dence of streptococcus MG in this study 
is similar to that preATOusly found in 
A'arious types of respiratory disease.'^ The 
mere isolation of this organism from the 
sputum or throat appears not to be of diag- 
nostic import. 

6. Cold Hcmagghitinins and Streptococ- 
cus MG Agglutinins. The dcA'clopment 
in the serum of a patient with pneumonia 
of cold hemagglutinins* or of agglutinins 
against a non-hemolytie streptococcus 
designated as streptococcus MG,® is of 
confirmatory A'alue in making a diagnosis 
of primary' atj'pical pneumonia. 

The available published data on both 
these tests have been summarized in a 
recent discussion by Horsfall.® Strepto- 
coccus MG agglutination tests hav'e been 
reported on more than 1000 persons who 
can be diA'ided into 3 groups; those Avith 
a clinical diagnosis of primary atypical 
pneumonia, those Avith clinical diagnoses 
of other acute infections, and normal 
pemons. Streptococcus MG agglutinin 
titers of 1:20 or more AA*ere found in the 
sera of appro.vimately half (4S.9 %) of the 
patients with primary atypical pneumonia, 
whereas in each of the other 2 groups 
comparable titers AA'ere found in only 5%. 
I^flien acute phase and conA'alescent senira 
titers AA'ere compared, significant increases 
in titer (fourfold or more) were limited 
AATth but rare e.vception to primary atypi- 
cal pneumonia. The published data on 
the occurrence of cold hemagglutinins m 
similar groups proA-ide information on 
more than 2000 persons upon AA'hose sera 
the test AA'as carried out in a standard man- 
ner. Titers of cold hemagglutinins of 1 
or more AA'ere found in the sera of 54.45c 
of the primary atypical pneumonia group, 
in 2% of the group AA-ith "other infections 
and in none of the “normals.” 

The significance of tlic occurrence of 
either of these agchitinins in normal per- 
sons or in patients AA-ith acute infections 
other than primary atypical pneumonia, 
cannot as A-ct be determined, ^^^wrc the 
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clinical diagnosis of an acute respiratory 
disease associated with pneumonia is 
doubtful, a convalescent rise in the titer 
of either agglutinin to a level of 1:20 or 
more suggests that the disease should be 
classified as primary atypical pneumonia. 
It is of interest that such a rise in either 
or both agglutinins developed in 9 patients 
in the present series, of whom 8 had 
physical or Roentgen ray signs of lung 
involvement, and in only 1 of 6 patients 
mthout positive lung findings. The results 
of streptococcus MG agglutination and 
cold hemagglutination tests are recorded 
in Table 1. 

Patients with Titers of Streptococcus MG 
Agglutinins or Cold Hemagglutinins of 1:20 
or More. Titers of either agglutinin at- 
tained levels of 1:20 or more in the con- 
valescent sera of 8 patients (Cases 1, 5, 6, 
7, 15, 20, 23 and 24). In 2 patients agglu- 
tinin titers were in this range on admission 
and remained constant until discharge; 
Case 21, admitted on the 14th day fol- 
lowing onset showed an agglutination titer 
against streptococcus MG of 1:20, and 
Case 3 maintained a constant cold hem- 
agglutination titer of 1:40. 

Of this group, 3 patients (6, 15 and 20) 
appeared clinically and on the basis of 
these serologic tests, to have primary 
atypical pneumonia; in none of them were 
the bacteriologic or other serologic findings 
of positive diagnostic significance. 

The presence of significant titers of 
either of these agglutinins is somewhat 
more difficult to interpret in Cases 1, 5 
and 23. In each of these cases the illness 
and Roentgen ray findings were consistent 
vdth atypical pneumonia. In addition, 
however, all presented serologic e\ndence 
of infection by one of the influenza ^^ruses, 
and from Cases 1 and 23 a Group A beta- 
hemolytic streptococcus was recovered. In 
the last 2 patients there was no serologic 
evidence that hemolytic streptococcus 
was implicated in the disease. In Case 1 
the cold hemagglutinin titer of 1 : 20 favors 
a diagnosis of primary atj'pical pneu- 
monia; a titer of this height is rare in 
influenza, but occurs frequently in primary 


atypical pneumonia. The simultaneous 
rise in streptococcus MG agglutinins sup- 
ports this interpretation, since the titers 
of this agglutinin have not been observed 
to increase as a result of influenza. In 
Cases 5 and 23 diagnosis is less difficult, 
since both developed streptococcus MG 
agglutinin titers of 1 : 40, and Case 23 also 
acquired a cold hemagglutinin titer of 
1:80. The possibility that Tj^ie 28 pneu- 
mococcus played a part in the latter 
patient’s disease has already been con- 
sidered to be unlikely. In these 3 patients 
the evidence suggests concurrent infection 
by one of the influenza ^^ruses and the 
agent or agents responsible for primary 
atypical pneumonia. It is probable that 
Case 21 also belongs in this group. This 
patient was admitted late in the course of 
illness and maintained a constant titer of 
agglutinins against streptococcus MG of 
1:20. He also showed evidence of influ- 
enza B \drus infection, and carried Group 
A hemolytic streptococcus, wdth serologic 
evidence of infection by this organism. 

Case 7 had an illness clinically resem- 
bling primary atypical pneumonia with 
physical signs of lung involvement but 
without Roentgen ray evidence of pneu- 
monia. During convalescence this patient 
developed a titer of 1:20 against strepto- 
coccus MG and a cold hemagglutinin titer 
of 1:40. Case 24 developed both strepto- 
coccus MG agglutinins (1:20) and cold 
hemagglutinins (1:40) without physical 
or Roentgen ray e^^dence of pneumonia; 
the relationship of these agglutinins to the 
patient’s disease, in which there was sero- 
logic e\adence of infection by both influ- 
enza A vims and Group A hemolytic strep- 
tococcus, is not apparent. Case 3 had 
an influenza A virus infection, with acute 
bronchitis without Roentgen ray evidence 
of pneumonia. Senim obtained on the 
3rd day of illness possessed a cold hem- 
agglutinin titer of 1:40, which persisted 
during his hospital stay. To which aspect 
of his illness this should be ascribed is 
impossible to decide. 

Patients With Titers of Streptococcus MG 
Agglutinins or Cold Hemagglutinins of Less 
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than 1 :20. The sera of 5 patients (Cases 2, 
11, 12, 16, 19) showed either streptococcus 
MG agglutinins, or cold hemagglutinins 
in a titer of less than 1 :20, but in the first 
4 instances this represented an increase in 
titer. It may be of significance that in 
each of these 4 cases there was physical 
evidence of lung involvement, although in 
Case 16, the only one with Roentgen ray 
evidence of pneumonia. Type 4 pneumo- 
coccus appeared to be the etiologic agent. 
In addition each of these 4 cases gave 
serologic evidence of influenza. The re- 
maining patient (Case 19) had neither 
physical nor Roentgen ray signs of pneu- 
monia, but showed serologic e\ddence of 
both influenza and Group A beta-hemoly- 
tic streptococcus infection, with a strepto- 
coccus MG agglutinin titer of 1:10 which 
remained unchanged during his hospital 
stay. 

In these cases no reliable interpretation 
of either streptococcus MG agglutinin or 
cold hemagglutinin titers of less than 1:20 
appears to be possible. 

7. Patients Without Positive Serologic 
Response. Cases 18 and 22 failed to de- 
velop demonstrable antibodies against the 
pneumococci isolated from them, or either 
of the influenza viruses, and did not de- 
velop either cold or streptococcus MG 
agglutinins. 

Clinical Impressions on Admission 
AND Their Relation to Final Diag- 
nosis. From the serologic data it appears 
that in these patients with acute infections 
of the respiratorj' tract, a number of 
different infectious agents (including the 
agent or agents of primarj' atj'pical pneu- 
monia) were responsible for the illnesses 
obser\'ed, and furthermore, that in certain 
instances 2 or more infectious agents were 
implicated together. The question which 
is of present interest is whether the labora- 
tory' findings, the clinical impression in 
each case, and the final classification of 
the patient’s disease may be integrated. 
An attempt to establish such correlations 
discloses some of the difliculties and errors 
often encountered but more often over- 
looked in the diagnosis of these diseases. 


It was the practice in each case to record 
a clinical impression before the results of 
Roentgen ray or laboratorj'^ e.xaminations 
were known. In Table 2 the presenting 
symptoms and relevant physical findings 
of each of the patients imder considera- 
tion are shown, with the clinical impres- 
sion and final diagnosis. 

1. Beta - hemolytic Streptococcal Infec - 
Hons. In none of the initial clinical im- 
pressions was the possibility considered 
that these patients might have beta-hemo- 
ljd;ic streptococcus infections, yet from 
6 cases a Group A organism was isolated, 
and in 3 serologic evidence of infection 
was also obtained. In none of these 
patients did the signs or symptoms sug- 
gest infection by this organism. 

2. Influenza. A diagnosis of influenza 
was made on admission in 8 patients 
(Cases 9, 10, 11, 13, 17, 18, 19 and 24) and 
in 7 it remained the final diagnosis. Case 
18, the exception, is discussed below. It 
is significant, in view of the number of 
patients shown to have an influenza xnrus 
infection which was not diagnosed clini- 
cally, that all of these patients were ad- 
mitted to the hospital on the 1st day of 
their illness, m'th the exception of Case 10, 
a physician who treated himself at home. 
All of these patients were acutely ill and 
were hospitalized promptly'. 'The fact 
that the initial diagnoses in these cases 
were correct may be attributed in paR 
to accurate appraisal of the clinical mani- 
festations of acute infection with relatively 
marked constitutional symptoms, obsen’- 
ed soon after the abrupt onset, but chiefly 
to the fact that the patients presented 
symptoms that were compatible with a_ 
diagnosis of influenza at a time when 
influenza (A or B) w.ts known to be present 
in epidemic form. 

In the 7 patients with influenza whose 
disease was diagnosed correctly on admis- 
sion, the symptoms were varied. In all 
the onset of the illness w.ts sudden, and m 
only 2 was it preceded by respiratory 
symptoms of any sort. Ml of the patients 
hod fever. All but 1 of the p.atients had 
a cough, but in only 4 (Cases 11, 1", 19 
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Tahle 2.— P.A.P. = Primarj* At^jical Pneumonia. U.R.I. = Upper Respiratory Tract Infection. 
B.II.S. = Betn-hemob'tic Streptococcus. RL, LL = Right lower lobe, left lower lobe, etc.; refers to 
area of lung in which any abnormal findings from persistent rales to signs of consolidation were 
ocalired. 
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and 24) was it productive. In 4 of the 
patients the onset of disease was accom- 
panied by a rigor, and in 1 , such chills re- 
curred for some days. Six of the patients 
complained of generalized aching, the 
other did not. Among other sj'mptoms 
may be mentioned headache in 5, sore 
throat in 4, nausea and vomiting in 1, 
and epistaxis in another. Positive physi- 
cal findings were few. All of the patients 
looked acutely ill, and all had a mild to 
moderate degree of nasopharj-ngitis. Only 
one showed flushing of the face and upper 
thorax, so often described as "tj'pical,” 
One patient had a few rales at 1 lung base 
(Case 11) and another (Case 17) devel- 
oped a right lower lobe shadoxv late in his 
disease. All the leukocyte counts were 
normal. In 3 patients the sedimentation 
rate was normal (less than 10 mm.) on 
admission, and remained so; the other 
4 patients (Cases 10, 11, 19 and 24) had 
elevated rates around 30 mm. which per- 
sisted to the time of discharge. 

Case 24, in whom positive clinical find- 
ings were limited to a moderate naso- 
phar^mgitis, presented a puzzling array of 
laboratory findings, with initial neutro- 
penia and the recovery of Group A beta- 
hemolytic streptococcus, Type 3, from his 
throat, and pneumococcus, Type 15, from 
sputum after mouse inoculation. In this 
case the convalescent titers of influenza A 
\drus antibody and antistreptolysin are 
interpretable; the development of signifi- 
cant titers of both streptococcus MG 
agglutinins and cold hemagglutinins, is not. 

Case 18, diagnosed as influenza, had an 
acute upper respiratory tract infection, 
with fever lasting only 24 hours. Type 19 
pneumococcus was found on direct typing 
of his sputum, and his white blood cell 
count was clcwitcd. Serologic tests failed 
to confirm the clinical diagnosis, and did 
not provide any positive evidence that 
the pneumococcus wa.s implicated in his 
disciise. 

3. “ Upp'r Rrspiratory TraH luferlion." 
Three case^ called upper respinitorj- tnict 
infection on admission (C:i.scs 4, S and 12) 
were later shoxvn to have laid influenza .4 


virus infections. These inditn'duals pre- 
sented no very different symptoms from 
tlie prexdous group, but this non-com- 
mital diagnostic impression may have been 
determined by the fact that the^v were 
first seen on the 6th, 4th and 2nd daj's, 
respectively, of their illnesses, when the 
symptoms and findings at onset were a 
matter of history rather than observation. 

The admission white blood counts in 
these cases ranged from 7.2 to 9.2 thous- 
and. On admission no significant organ- 
isms were identified with the exception of 
Tj'pe 6 pneumococcus in Case 12, which 
was recovered only on mouse inoculation 
of sputum. 

The admission impressions were modi- 
fied in Cases 8 and 12 only by the sero- 
logic exddence of influenza A infection. 
In Case 4 the demonstration of a shadow 
in the right lower lobe on admission Roent- 
gen ray before physical signs were evident, 
changed the clinical impression to primary 
atypical pneumonia. Later serologic tests 
showed that the patient had had influenza 
A infection, but gave no confirmatory evi- 
dence regarding the cause of his pneu- 
monia, which remains undetermined, al- 
though it may belong in the primary 
atypical pneumonia group. 

4. Acute Bronchitis. In a single patient 
(Case 3) an admission diagnosis of bron- 
chitis was made. Although this patient 
had signs of bronchitis his illness was not 
distinguishable from many others in the 
group, and from the laboratory exidcnce 
only a diagnosis of influenza A could he 
made. The occurrence of a constant 
moderately high lev’cl of cold hemagglu- 
tinins in his serum is unexplained. 

5. Primary Atypical Pneumonia. The 
clinical impres.sion of primary atj'pical 
pneumonia was recorded on admission for 
14 patients. In contrast to the group ini- 
tially di.agnosed as influenza, only 2 of 
this group of patients were seen as early 
as the 3rd day of illness, and the average 
duration of illne.‘;s before admission «'n.- 
0.8 d.ays. Serologic cxddencc confirmed 
the adrni''ion impression in S c.i-'es; in the 
0 remaining ca-'es, a »iifTcrcnt diagno/is 
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was established in 5, and in 1 a positive 
diagnosis was not established. In several 
instances serologic results necessitated 
additional diagnoses, principally of influ- 
enza A or B. 

Cases in Which the Clinical Impression 
of Primary Atypical Pneumonia B^as Con- 
firmed Serologically. In 7 patients (Cases 
1, 5, 6, 15, 20, 21 and 23) both Roentgen 
ray and serologic findings confirmed the 
admission impression of primary atypical 
pneumonia, and in an additional patient 
(Case 7) the clinical and serologic findings 
warrant the inclusion of the patient in this 
group, although Roentgen ray evidence of 
pneumonia was lacldng. In this group of 
patients symptoms were variable and there 
was no significant clinical difference be- 
tween those who had concurrent influenza 
and those who did not. Except for the 
results of chest examinations the physical 
findings were not very striking. These 
patients were neither so acutely ill nor so 
prostrated as patients with uncomplicated 
influenza and Case 5 was the only patient 
whose course suggested that concurrent 
influenza and primary atypical pneumonia 
may be more severe than either disease 
alone. The average white blood count on 
admission was 9.6 thousand. There was 
1 example of leukopenia (Case 5, with con- 
current influenza) and 1 of leukocytosis 
(Case 15). The sedimentation rate was 
elevated in all patients except Case 4. 
Admission bacteriologic findings did not 
lead to any alterations of the original clini- 
cal impressions, although Group A beta- 
hemolytic streptococci were recovered 
from 3 of the patients (Cases 1, 21 and 23). 
There was no clinical evidence suggesting 
infection by these organisms. From Case 
23 Type 28 pneumococcus was identified 
directly in sputum, but its significance 
was doubtful. 

Serologic results confirmed the diagnosis 
of primary atypical pneumonia in all of 
these patients, and led to additional diag- 
noses of influenza virus infection in Cases 
1, 5, 21 and 23. Cases 1 and 5 gave evi- 
dence of concurrent influenza A; both 
Cases 21 and 23 showed presumptive evi- 


dence of influenza B, with very high anti- 
body levels on admission (the 14th and 
9th days, respectively of their illnesses). 
The history of Case 21 suggested 2 dis- 
tinguishable but merging episodes of infec- 
tion of which the first probably represented 
influenza B, and the second, primary atyp- 
ical pneumonia; in the other patients no 
such biphasic pattern could be made out. 
In Case 21, serologic findings necessitated 
a third diagnosis of concurrent beta-hemo- 
lytic streptococcus infection; in Cases 1 
and 23, from whom this organism was also 
recovered, serologic e\adence did not sug- 
gest that streptococcal infection played a 
part in their disease. 

Cases in iVhich the Clinical Impression of 
Primary Atypical Pneumonia Was Errone- 
ous or Not Established. Cases 2, 14, 16, 
22, 25 and 26 were thought to have pri- 
mary atypical pneumonia on admission. 
Of these. Cases 14, 16, 25 and 26 are of 
particular interest since all appear to have 
had pneumococcal pneumonia. These 4 
patients were first seen relatively late in 
their illnesses and only 1 presented physi- 
cal signs of pulmonary involvement. In 2, 
previous therapy had very probably al- 
tered the course of the disease, so that the 
patients did not seem particularly ill. Ad- 
mission white blood counts of the 2 un- 
treated patients (Cases 14 and 16) were 
6.9 and 9 thousand, respectively. Case 25, 
who had received penicillin, had a white 
blood count of 17.6 thousand and Case 26, 
previously treated with sulfadiazine, a 
leukocyte count of 3.S thousand. The 
appearance of these 4 patients’ lungs in 
Roentgen ray films seemed of significance 
in retrospect, since all had hazy, rather 
evenly diffuse pulmonary shadows, wEich 
with 1 exception were located peripher- 
ally. This appearance is not in itself 
diagnostic, but differs from the common 
picture in primary atypical pneumonia. 
In each of these cases the pro\dsional diag- 
nosis was almost immediately made doubt- 
ful by the finding of significant tj’pes of 
pneumococci in the sputum. Direct iden- 
tification of Type 7 (Case 14) and Tj-pe 4 
pneumococcus (Case 16) was possible; in 
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the 2 previously treated patients pneumo- 
cocci were recovered after mouse inocula- 
tion, Type 7 from Case 25 and Type 8 
from Case 26. 

In order to establish the role of pneumo- 
cocci recovered from these patients with 
illnesses which deviated from the usual 
picture of lobar pneumonia, it was neces- 
sary to show that the patients had devel- 
oped antibodies directed against the type 
of pneumococcus recovered. Cases 4, 15 
and 26 developed agglutinins against 
their ovm organisms and did not develop 
agglutinins against a heterologous type 
(Type 1). Case 16 failed to develop agglu- 
tinins but did develop a significant level 
of mouse-protective antibodies against his 
own organism. In addition there was sero- 
logic evidence of concurrent influenza B 
in this patient. 

Tv'o remaining patients were thought 
on admission to be examples of primarj’^ 
atypical pneumonia (Cases 2 and 22). 
Case 2 had a severe paroxysmal cough, 
with inconstant rales at both lung bases 
on admission. There was no Roentgen 
ray evidence of pneumonia. He devel- 
oped antibodies against influenza A virus, 
and was finally classified as influenza A 
^\^th bronchitis of undetermined etiology. 
Case 22 had the clinical appearance of 
atj-pical pneumonia, with pneumococcus 
T^^pe 43 recoverable from his nose, throat 
and sputum. His serum gave only nega- 
tive results in all tests performed. The 
final diagnosis was pneumonia of unde- 
termined etiology, but it is possible that 
this patient is actually an example of 
primary atypical pneumonia. 

Resume of Final Diagnoses. Cases 
for Which a Single Infections Agent Ap- 
peared Responsible. In 10 patients (Cases 
2, 3, 4, S, 9, 10, 11, 12, 13 and 17), the 
bactcriologic and serologic findings suggest 
that one or the other of the influenza \-i- 
ruses was the sole etiologic agent involved. 
However, 5 of these patients (Cases 2, 3, 
4, 11 and 12) showed localized rales, and 
1 of these (Case 4), as well as in Case 17, 
there was Roentgen ray e\'idencc of pul- 
raonarj’ infiltration. No additional ca- 


dence could be adduced to e.xplain these 
lung findings. 

Four patients (Cases 6, 15, 20 and 7) 
appear to belong in the primary atypical 
pneumonia group. Clinical and labora- 
tory evidence in the first 3 causes them 
to be so classified, and the evidence sug- 
gests that Case 7, despite the absence of 
pneumonia in Roentgen ray films, belongs 
in this category. 

In 3 patients (Cases 14, 25 and 26) 
pneumococcus appeared to be the sole 
etiologic agent. In 2 patients (Cases 18 
and 22) the etiology remains doubtful. 

Cases for Which More Than One Infcc- 
iious Agent Appeared Responsible. In the 
remaining 7 patients the effects of more 
than 1 infectious agent must be consid- 
ered. In 2 instances (Cases 19 and 24), 
although influenza virus infection appear- 
ed to be responsible for the clinical mani- 
festations, there is evidence that concur- 
rent infection by beta-hemolytic strepto- 
coccus occurred. In 1 instance (Case 16) 
concurrent infection by influenza B virus 
and pneumococcus Type 4 appears to 
have taken place. There is a further group 
of 4 patients (Cases 1, 5, 21 and 23) in 
which infection by an influenza virus and 
the agent or agents of primary atypical 
pneumonia appear to have occurred at 
approximately the same time, and in 1 of 
these (Case 21) infection by beta-licino- 
lytic streptococcus also occurred. 

Diagnostic Errors. On comparing 
the clinical impressions with the fin’ll 
diagnoses, as has been done graphically m 
Figure 1, two principal errors stand out. 
Tlie first, an error of omission, was failure 
to suspect the role of the influenza viruses 
in many of these cases. This became cn- 
dent, in most instances, only after sero- 
logic tests had been done, and was par- 
ticularly striking in those patients with 
pneumonia which presumably was due to 
another agent. ^lultiple diagnoses are 
commonly viewed with suspicion, for it is 
well kno^^Ti that a single pathologic pro- 
cess may manifest itself in various organs 
in such a manner as to suggest that more 
than 1 disease i.s present. The present 
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studies indicate that what appears to be 
a single disease picture with involvement 
of a system, the respiratory tract, may 
be associated with infection by more 
than 1 infectious agent, and in most in- 
stances it is impossible to judge whether 
one or another of the agents plaj^s a “pri- 
mary” or “secondary” role. 


The second principal error, one of com- 
mission, was the classification as primary 
atypical pneumonia of cases with other 
infections. This occurred most often with 
pneumococcal pneumonias which showed 
an atypical onset or course. It seems 
obvious that the similarities among acute 
respiratory tract infections of different 
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etiologies are considerably more striking 
than the differences; although a correct 
diagnosis may be reached by clinical 
methods, such a diagnosis cannot be con- 
sidered as established •without a consider- 
able amount of laboratorj- e^ddence. 

Fashions in terms plaj' their part in 
erroneous diagnosis and “primary atypi- 
cal pneumonia” is a case in point. On 
clinical grounds alone a -wide variety of 
different infections might be classified as 
primary atj^iical pneumonia. At the 
present time an accurate diagnosis in this 
disease rests largely upon the -n-eight of 
negative e'vddence; i. e., the exclusion of 
a number of specific infectious diseases, 
any one of wliich may closely simulate 
this condition. At the present time most 
■workers agree that only 2 laboratory pro- 
cedures, e. g., cold hemagglutination and 
streptococcus MG agglutination, give posi- 
tive assistance in the diagnosis of this 
disease, and yet it appears that either 
test is positive in not more than 50% of 
cases. 

In the present state of kno-wledge of 
acute respiratory infections certain broad 
diagnostic terms might be applied to those 
conditions in -n-hich it is not possible or 
not feasible to establish a diagnosis 'with 
laboratory e\'idence. TMiile tlie use of 
such terms as "catarrhal fever” or "upper 
respiratory infection” is indefensible if 
facilities are available for establishing a 
more accurate diagnosis, it is preferable 
to the use of “primary atypical pneu- 
monia” or “influenza” when these diag- 
noses are not or cannot be substantiated. 
In the absence of adcciuate laboratory 
c\'idence the terms “acute respiratory 
tract infection” and “acute respirator}’ 
tract infection, with pulmonary involve- 
ment” arc about as specific as the facts 
■v^nll allow in the great majority of acute 
respiratory ailments. 

IjironTANcr. or Cor.iiKcr Di.vgno.'I.s. 
From the point of view of the patient 


accurate diagnosis is chiefly important as 
a basis for appropriate therapy. In acute 
respiratory infections there appears to be 
a tendency now to reverse the usual pro- 
cedure and diagnosis is often dependent 
upon the effects of therapy. This is open 
to serious criticism, for aside from the 
hazards of adequate sulfonamide therapy 
and the difficulties and expense of ade- 
quate “antibiotic” therapy, there is the 
impossibility, when they are used blindly, 
of interpreting results, and the further 
real danger that diagnosis may be left to 
the academician. It has been suggested 
that therapeutic agents may in the future 
be developed, the range of efficacy of 
which maj' be so wide as to relegate diag- 
nosis in certain infectious diseases to the 
class of a minor art. There is equally 
good reason to believe, however, that the 
further development of therapeutic agents 
may make available substances with a 
high degree of specificity, both in their 
therapeutic range tund in their point of 
attack upon the infectious agent, and that 
their proper use may depend upon a diag- 
nostic accuracy which has not yet been 
achieved ^^^th respect to acute respiratory 
tract disease. 

Summary. The difficulties of accurate 
diagnosis in acute respiratory infections 
are brought out by relating in a group of 
such cases the clinical impression on ad- 
mission with laboratory findings early and 
in convalescence, and with the final diag- 
noses arrived at after the accumulation of 
all the pertinent data. It is shouTi that 
concurrent infection by more than one 
infectious agent may occur often. It 
suggested that in the absence of confirma- 
tor}’ laborator}’ evidence supporting a 
specific fliagnosis, non-.spccific terms be 
used to describe acute raspiratory infec- 
tions. It is also suggested that inwiem 
therapeutic agents may require more, 
rather than less, diagnostic accuracy for 
their effective use. 


The ^vorl: ui thU tvtj- donf' iindor n <'ontrn<“t, rr'*ommf‘r.fIed by thf* 

f-‘r K. 
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AIyeloila. is no longer considered an 
unusual disease. Over 1000 cases are 
reported in the literatm-e on the subject. 
To add a series of 13 cases studied at 
Temple Universitj’ Hospital merely to 
review the usual clinical, laboratorj' and 
morbid anatomical findings would add 
little of value to what is already known. 
But, whereas the disease todaj' is probably 
no different than it was in 1850 when 
iMcIntyre first described it, in tlie last 
ten years there has been a very definite 
change in our concept. In 1928 Ewing® 
^vrote, “hlultiple myeloma is a specific 
malignant tumor of the bone marrow, 
arising probably from a single cell-type, 
and characterized chiefly by multiple foci 
of origin, a uniform and specific structure 
composed of plasma cells or their deriva- 
tives, rare metastases, albumosuria, and 
a fatal termination.” Today we must 
admit that the tumor may pos.sibly arise 
from e.vtra-medullary sources, that it is 
probably not of a single cell origin, tliat 
it may have a single focus for a consider- 
able period or it may be so diffuse that 
no foci are apparent and that it may be 
composed of other than plasma cells. 

The change in our concept of this tumor 
involves principally (1) a better under- 
standing of the subtypes, (2) its coinple.v 
cytogencsis, (3) some recently developed 
laboratory diagnostic procedures and (-1) 
the nature and kind of bone deminendiza- 
tion which it induces. TIic purpose of 
thi.s discussion is to einjdiasize thciC 
aspects. TIic .salient tiata concerning our 
c;u'C.s are included not as case reports of 
an unmual dbe.aso, but to serve a.s a f)asis 
for the di-cu^sion. 

Sfnxvri:-. Today we must recognize 
at least thret' subvarieties of this di.-ea.ee. 


The classical type occurs as multiple 
tumors arising in red marrow. They may 
occur simultaneously or successively over 
a period of months. Seven of our cases 
proved eventually to be of this type. The 
tumors occur preponderantly in flat hones 
and exclusively in areas where red marrow 
is found. In the age group most commonly 
affected (40 to 60 years) hematopoiesis 
is restricted to flat bones and the ine- 
taphj’ses. The tumor may rarely occur in 
younger patients.'® Two in our scries 
were under 40, one aged 32 and tlie other 
16. In these two alone were the long 
bones affected. The remarkable lytic 
action of the tumor cells on the contiguous 
bone makes this tyTie the easiest to diag- 
nose. Indeed, the diagnosis may be made 
in many cases on examination of Roentgen- 
ray films of the flat bones. 

A second subtype may begin as a single 
focus and remain solitary for a variable 
length of time. Reports of such casc.s are 
not uncommon.'''"'" Paul and Pohle" 
gave an excellent account of five such 
tumors. There has been a tendency to 
classify these separately under the heading 
of “solitary myeloma.” There scenu to 
be scant evidence, however, that the mye- 
loma may e.xist in the solitary form indefi- 
nitely and so dc.-erve a separate ehu-ifii'n" 
tion. .All completely studie<l cascr- of a 
single lesion which we have encountered 
have eventually shown rnultil>!e fnei 
Four of our serie.s wore tli-eovered in the 
single tumor stage. In three a single Iv-ion 
was found in one of the lumbar vertebrae, 
in a fourth the tumor was located in tin- 
neck of the femur. .\ll of the=e timior- 
became multiple within nine month-. 

third subtyj)e of myeloma apj»".'ire<l to 
be so generalizcrl that practically all red 
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marrow is affected simultaneously. It is 
this type which produces generalized 
skeletal demineralization and consequemt 
profound changes in the peripheral blood. 
Two of our cases were -of this nature. It 
was these cases which aroused our interest 
in this subject since both cases were mis- 
diagnosed on the original Roentgen-ray 
studies as idiopathic senile osteoporosis. 
Both were in elderly patients and both 
showed marrow replacement by tumor 
plasma cells throughout the flat skeleton. 
Any of the above varieties may produce 
soft tissue metastases in the later stages 
of the disease, but these are usually found 
to be extra-medullary extensions rather 
than true metastases. However, unques- 
tionable soft tissue tumors have been 
reported though these are exceptional. 

Another type of tumor which probably 
is better designated as myelocytoma rather 
than myeloma is solely or predominantly 
confined to soft tissues. Hellwig® gives 
an excellent review of 127 such cases and 
Esposito and Stout® add one of their own. 
They were found predominantly in the 
upper respiratory passages and the con- 
junctiva with a few in the small intestine. 
There is considerable uncertainty among 
morphologists as to whether this type 
represents a separate tumor entity or 
whether it should be considered a sub- 
variety of the marrow type. Its behavior 
is completely different since its growtii is 
phlegmatic and it may be cured by com- 
plete removal. Tliough its component 
cells are impossible to distinguish morpho- 
logically from some of the marrow tumors 
its clinical features are so different that it 
seems best to exclude it from this dis- 
cussion. 

CVTOGENESIS. The cytogenesis of 
myeloma is still poorly understood. It is 
now certain that the plasma cell myeloma 
is but a single, tlvough the most common, 
type. A number of excellent papers have 
appeared recently presenting evidence of 
the protean genesis of this group. Some 
writers believe tiiat young forms of both 
the myelogenous and erythropoietic series 
may assume neoplastic propensities and 
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produce myelomas of a particular cell type. 
Herbut and have recently described 
tumors which behaved like myelomas and 
which they believed to arise from mega- 
karyocytic and lipoblastic marrow ele- 
ments. One is reminded of the dangers in 
hypothesizing on tumor cell origins on the 
basis of static morphology alone. While 
such a concept seems startling, if we accept 
the hypothesis that all marrow elements 
are of mesenchymal origin along with tlie 
fibrous, cartilaginous and bone tissue, one 
is forced to admit that such tumors, at 
least the megakaryocytoid type if such a 
tumor exists, could be classified as a 
myeloma in its broadest sense. In such a 
classification the Ewing’s tumor might 
also belong in the myeloid group. Its 
clinical features are not too dissimilar 
except in regard to the age group affected. 
Its cytology is certainly consistent with a 
marrow origin and its site of predilection 
is explained by the red marrow distribu- 
tion at this age. 

In short, the number of these various 
tumors of marrow cells included under the 
heading of “myeloma” depends upon the 
inclination of the writer. From the clin- 
ical standpoint the entire group may be 
considered together. They begin in the 
raariwv of flat bones and long bones in 
young patients and almost exclusively in 
flat bones in the older group. They may 
be single at first but eventually become 
multiple. They show' varying degrees of 
lytic action on bone and, in all, the even- 
tual prognosis is hopeless. 

Prom the cytomorphologic standpoint 
there are but two clearly defined types, 
the plasma cell myeloma and the Ewing’s 
tumor. This leaves a considerable number 
wiiich can be differentiated on the basis 
of cj-tologic character alone. It is agreed 
by all that these tumors arise from various 
of the marrow elements; it is unfortunate 
that the limitations of microscopic study 
prevent us from knowing exactly w'hich 
one. One feature of interest is brought 
out by e.xamination of aspirated sternal 
marrow. Such material from djof^our 
cases was studied. One showed no mye- 
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loma cells. Of the other 4, two were of 
the myeloid and 2 of the plasma cell type 
as diagnosed on sectioned tissue taken 
directly from the tumors. Yet, in all 
4 instances the marrow smears showed 
nearly identical tumor plasma cells. Seven 
of our series were of the classical plasma 
cell variety, while 6 were "myeloid” in 
type. 

Lowenhaupt'* and others consider the 
plasma cell type to arise from the reticulo- 
endothelial elements of marrow and else- 
where, particularly the spleen. This con- 
cept makes myeloma a diffuse process 
which in a sense is comparable to the 
leukemias. In the three cases of our series 
which were autopsied tliere were abnormal 
numbers of plasmocytes in the splenic 
sinuses and some of these were multi- 
nucleated. T\vo of these spleens were 
smaller than normal, while only one was 
enlarged (300 gm.). 

Labor.vtory PuocEDunEs. INIany cases 
of myeloma develop signs and symptoms 
of kidney insufficiency. There has been 
great controversy concerning this compli- 
cation. Some writers contend that the 
passage of Bence-Jones protein caused 
glomerular damage with resultant func- 
tional impairment, but Bell,* and Forbus' 
et al. have described tlie kidneys of mye- 
loma cases and attempted to produce kid- 
ney damage e.vpcrimentally by forced 
excretion of this material. Both are 
definite in their statements that the pro- 
tein acts only as foreign body casts which 
block the tubules. Ehrich described this 
tubular obstruction by Bcncc4onc3 pro- 
tein casts and applied the term "internal 
hydronephrosis.” This explanation of 
renal msufflcieney secnis logical e.xccpt 
that no mention of anuria or oliguria is 
made, and if the damage is clependcnt on 
mechanical fluid oi)-tniction, it would 
seem tliat eurtaileil urine exen tion would 
of nere>'ity be a symptom. Of our ^ 
autnpu'ed ea-'Cs, cast formation was marked 
in one, slicht in another and entirely lack- 
ing in the third. Benre-.Toni-. protein was 
found in the urine of none of the-e patients, 
tho!!"h admittisily it m.ay have b'-en tran- 


sient and lacking only at the time at which 
the test was made. Of these 3 cases only 
the one with casts suffered from impairctl 
renal function. But at no time was tlicrc 
a subnormal urine output, though there 
was a consistent cloud of albumin. One 
is led to wonder if the casts in tlte tubule.' 
in this patient were artefacts, the result of 
the coagulating action of the fixative upon 
the increased protein in the fluid urine. 
The glomeruli showed a fibrinoid type of 
degenerative change whicli maj’ have 
accounted for the functional disturbance. 

It is generally believed that the Bence- 
Jones protein is derived from tlie myeloma 
cells and/or the cells of normal bone 
marrow. Its excretion through the glomer- 
uli is partially explained on tlie basis of 
its molecular weight which is about half 
that of serum albumin, although another 
factor is apparently involved. It is pre- 
dominantly a beta globulin.- Tlie reticu- 
lum and at least some of its derivatives 
are active in the formation of globulin, and 
in antibody production. The association 
of increased plasma globulin and the 
presence of abnormal numbers of plasino- 
cytes is encountered in numerous diseases. 
It would seem possible that the type and 
the increase in amount of the globulin 
present in some cases of myeloma may 
depend upon the type of marrow cell from 
which the tumor derives. Yliatcvcr the 
cause of the renal insufficiency, chemical 
c.xamination of the blood and urine .cfioiild 
be made in all cases suspected of myeloma. 
If protein is present in the urine it should 
be examined for Bence-.Toncs bodies. 

Bcncc-Joncs protein is probably not a< 
commonly present as the earlier accounts 
would lead one to believe, or it may be 
transient and missed on one or even more 
analyses. Most recent accounts give an 
inciflcnce considerably below tlic 73 
originally reported. It was looVred for m 
12 of our cases but found in only 1. How- 
ever, large amounts of alimrnin were found 
in 3 others. llypeq)roteinemia was found 
in 3, hyjierclobulinemia in 2 (examined for 
in only ')} and liyp'TCnleemia in .3. In JA 
ra.-es a definite anemia was prerent and in 
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8 it was severe enough (from 1.2 to 2.8 
million r.b.c.) to constitute an outstanding 
sign. Leucocytosis, young myeloid forms 
and Tiirk cells which are sometimes found 
in the peripheral blood are produced in 
other diseases which affect the marrow, 
probably the result of irritation. All but 
3 in our series showed these phenomena. 
An increase in the sedimentation rate was 
found in the 3 cases in which the test was 
made. This is probably a non-specific 
reaction, since the sedimentation rate is 
increased in hj^erglobulinemia. 

If the myeloma process is a solitary 
lesion a needle biopsy may give tangible 
evidence of its true nature. Needle 
biopsies of bone are not as difficult as 
most clinicians seem to believe and in the 
case of the myeloma where there is Roent- 
gen-ray guidance and cortical destruction 
they are particularly easJ^ A positive 
diagnosis was made on the only one of 
our series on which it was tried. In such 
instances the usual aspiration needle may 
be used but it is possible to get through a 
rather heaxy compacta with a needle of 
the Turkel type. The tumor cells, if 
properly treated, are not difficult to inter- 
pret by the pathologist because of their 
distinctive morphology. 

Bone Lysis. Wliile pathological frac- 
ture is given in most accounts as the most 
constant sign of the disease,® bone pain 
almost invariably occurs first, and if prop- 
erly interpreted a much earlier diagnosis 
can be made. It is quite true, as pointed 
out by Geschicter, that pathological frac- 
ture of a flat bone is apt to inetm destruc- 
tion by myeloma because most other 
osteolytic processes are more likely to 
involve cylindrical bones, but back or 
chest pain with focal tenderness almost 
invariably precedes the fracture by months. 
It may be argued that the symptom of 
back pain is so common in the myeloma 
age group that it is almost wortliless as a 
diagnostic aid, but, if patients rvith this 
symptom were tlioroughly studied from 
the outset, it would mean in almost every 
instance an economy of money and time 
for both patient and physician. Nine of 


our patients complained of back pain as 
the initial and outstanding symptom and 
the other four gave a history of pain in 
the affected bone. 

In many instances a Roentgen-ray film 
of the involved skeletal part will suggest 
the diagnosis of bone destruction by malig- 
nant neoplasm. An original diagnosis was 
so made in 5 of our series, and in only 2 
cases did the first roentgen examination 
fail to reveal presence of bone disease. 
The Roentgen-ray cannot always define 
the cell type of the tumor, but such a diag- 
nosis points the way to further laboratory 
study wliich should eventually fix the cor- 
rect nature of the lesion. It is unfortunate 
that in a certain number of myeloma cases 
the demineralization is so diffuse that 
unless the radiologist and clinician are 
aware of this possibility a diagnosis of 
osteoporosis may be made. Tftm of our 
13 cases were so classified. On one of 
these the diagnosis of diffuse myeloma 
was made later by biopsy and the other 
came to necropsy before the true nature 
of the disease Avas suspected. With the 
complaint of fiat-bone pain and a Roent- 
gen-ray description of generalized demin- 
eralization, the clinician must not be 
satisfied with a diagnosis of senile osteo- 
porosis until sternal marrow smears have 
been e.xamined and other diagnostic lab- 
oratory procedures performed. 

If the tumor is of the generalized type 
which produces this picture in the majority 
and perhaps in all cases, a marrow smear, 
usually from the sternum, may present 
myeloma cells. This procedure is so 
simple that one Avonders AA'hy’it is not uni- 
versally applied where myeloma is sus- 
pected. If the diagnosis of diffuse mye- 
loma cannot be sustained, tlien other 
causes of generalized demineralization 
may be considered. These are carcinoma- 
tosis, h.AqierparathjToidism (rare), osteo- 
malacia (rare in this country), osteoporosis 
secondary to renal insufficiency, osteo- 
porosis due to hypertlijToidism, rarely 
tuberculosis or Gaucher’s disease and 
finally idiopathic senile osteoporosis. 
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In conclusion it should be emphasized eralization is so demonstrated, the diag- 
that an early diagnosis of myeloma can nosis can be made or ruled out by marrow 
be made if the symptoms of bone pain are smear and study of the blood and urine, 
considered sufficient reason for Roentgen- As a last resort aspiration or open biopsy 
raj’’ studj'. If focal or generalized demin- maj' be tried on a focal lesion. Cases of 



Fto. a.— The usual or "classical" plasma cell type of multiple myeloma. Some colls aro typical plaitno- 
cytes. Others appear to bo young forms of the same type. 
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generalized demineralization should not 
be diagnosed as idiopathic senile osteo- 
porosis until these studies have been 
carried out. 

Summary. There are four main points 
which need emphasis in considering mye- 
loma of bone. 

1. There are three clinical subtypes: 
that which' begins as a single focus, but 
eventually becomes multiple; the classical 
multicentric tumor; and the diffuse type 
which involves all the red marrow simul- 
taneously. The rare extra-medullary type 
acts quite differently and should not be 
included in this group. 

2, Myeloma is a group of tumors of 
which the plasma cell is only one type. 
They all arise from marrow elements and 
they all behave similarly. 


3. Severe back pain or persistent bone 
pain of obscure origin warrants Roentgen- 
ray examination. If demineralization is 
found, there are a number of laboratory 
procedures which are helpful in establish- 
ing a diagnosis of myeloma. The urine 
should be examined for signs of renal 
disease and Bence-Jones protein. The 
blood should be analyzed for increased 
globulin. A sedimentation rate may be 
helpful. Sternal marrow should be aspi- 
rated and examined for mjmloma cells. 

4. It should be remembered that all the 
marrow may be involved diffusely, and so 
a patient with evidence of generalized 
bone demineralization should not be dis- 
missed with a diagnosis of idiopathic senile 
osteoporosis. 


BIBLIOGRAPHY 

1. Beli., E. T.: Renal Lesions Associated with Multiple Myeloma, Am. J. Path., 9, 393, 1933. 

2. Blackman, S. S„ Jn., Barker, W. H., Buell, M. V., .and Davis, B. D.: Pathogenesis of Renal 
Failure Associated with Multiple Myeloma. Electrophoretic and Chemical Analysis of Protein in Urine 
and Blood Serum, J. Clin. Investigation, 23, 103, 1944. 

3. Enr, L. A., and Herbut, P. A. : Comparative Cytologj' of Wright’s Stained Smears and Histo- 
logic Sections in Multiple Myeloma, Am. J. Clin. Path., 16, 1, 1946. 

4. Esposito, J. J.; Case of Solitary Myeloma of Skull, Radiology, 40, 195, 1943. 

6. Esposito, J. J., and Stout, A. P,: Multiple Plasmocytoma of Jejunum, Case, Am. J. Roent- 
genology, 53, 33, 1945. 

6. Ewing, James; Neoplastic Diseases, 3rd Ed., p. 321, Saunders, 1928. 

7. Fonnos, W. D., Perlzweio, W. A., Pargbntjev, I. A., and Burwell, J. C., Jn.: Bence-Jones 
Protein Excretion and Its Effect upon the Kidney, Bull. Johns Hopkins Hosp., 57, 47, 1935. 

8. Guscuicter, C. F., and Copeland, M. M.: Tumors of Bone, Am. J. Cancer, 441, 1936. 

9. Hellwig, C. a.: Extramedullary Plasma Cell Tumors as Observed in Various Locations, Arch. 
Path., 36, 95, 1943. 

10. Herbut, P. a., and Erf, L. A.: Lipobiastic and Megakarjmeytoid Multiple Myeloma, Am, J. 
Clin. Path., 16, 13, 1946. 

11. Kino, B. B.; Solitarj’’ Plasma Cell Myeloma of Bone as an Initial Stage of Multiple Myeloma, 
J. Am. Mod. Assn., 115, 36, 1940. 

12. Lowenhaupt, Elizabeth: Proliferative Lesions in Multiple Myeloma with Special Reference to 
Those of the Spleen, Am. J. Path., 21, 171, 1945. 

13. Paul, L. W., and Poule, E. A.: Solitaiy- Myeloma of Bone, Radiology, 35, 651, 1940. 

14. Toth, B, J., and Wintermantel, >I. A.: Apparently Solitary Myeloma of Bone with Subsequent 
Generalization; Faborable Response to Irradiation with Unusual Reactions, Radiologj', 41, 472, 1943. 

15. Wood, H., Quinlan, J. W., and Merrill. E. F.: Multiple Myeloma in Youth, Am. J, Roent- 
gonologj', 53, 400, 1945. 


Id 


VOL. 213, NO, 3— iiARcn, 1947 



290 


■mRTS, SXAPE: disseminated CALCIITCATIOX of the I’AXCUr.AS 


DISSEMINATED CALCIFICATION OF THE PANCREAS: 
Subacute and Chronic Pancreatitis 

Bv C. "WlLMER WiRTS, Jr., ]\I.D. 

CHIEF OF GASTnO-ENTEROLOGlCAL CLTXIC, JEFFEHSOK HoSPITAL; 

INSTRUCTOR IN MEDICINE, JEFFERSON MEDICAL. COLLEGE. 

ANl> 

"William J. Snare, jM-D. 

CLINICAL ASSISTANT, GASTRO-ENTEROLOGICAL CLINIC. JEFFERSON HOSPITAL; 

ASSOCIATE IN PHTSIOLOGY, JEFFERSON MEDICAL COLLEGE. 

(From the Department of Medicine, Jefferson Medical College and the Gastro-entcrological Clinic 
Jefferson Hospital, Philadelphia, Pennsylvania.) 


The purpose of this paper is to draw 
attention to the least frequently recognized 
form of pancreatic lithiasis, known vari- 
ously as disseminated calcification of tlie 
pancreas, pancreatitis petrificans and dif- 
fuse parenchymal calcification of the pan- 
creas, and to add two reports of cases to 
those now existing in the literature. An 
attempt will also be made to stress the 
clinical picture which should aid in its 
more frequent recognition in the future, 
to suggest the relation of the condition to 
other forms of pancreatitis, and to discuss 
its treatment. 

It was Beling’ who first suggested, in 
1940, that a distinction should Ije made 
between disseminated calcification of the 
pancreas and the usual form of pancreatic 
lithiasis. In the former condition he sug- 
gested that a variable portion of the 
parenchyma of the gland is replaccfl l.y 
calcium deposits and in the latter the ducts 
contain single or multiple .stones. lie 
collected 12 ea^es of calcification of the 
pancreas from the literature, and ercriit.s 
Allen- with dc'criijing the fir:-t in lOO^l. 
From a study of this grouj), and an addi- 
tional ca-e of his own, Bcling descriljes a 
clinical picture and a eluiraeteristic hi>fnry. 

King and WagliKtein' reporte*! four 
addition.il ea->-- in It* 12; one additional 
ji.itient e.'ieh i' n'jxirted by Pa'ene<'i,* 
S.Tge,'' aiiii Thannli.'ui'ir'’ and 2 l»y 
Wei-li'ler and Wi-irii'T,'’ lirineini;: th*- total 
nutnl)''r of (".i-*-- in t!i<‘ liti-rattire prior to 
till - n*jifirt to 22. tie- [nti* rit- d» - 

srrihed by tie' tv.u ! ot in*-ntio:!‘d autbor^ 
r.cre no; c!.i"ifi'd a- di' " niiintet! caleii:- 


cation of the pancreas, but simply as pan- 
creatic lithiasis, we feel that the sympto- 
matology, laboratory studies and lloent- 
gen-ray findings arc sufficiently typical to 
warrant reclassification. 

The incidence of pancreatic lithia.sis in 
general is not high. The aggregate figures 
from ten pathological laboratories showed 
only 31 eases among 117,031 routine 
necropsies or 0.014%.® However, the reli- 
ability of these statistics is questioned I.y 
the work of Ludin’ who, after a prelimin- 
ary roentgenogram of the pancreas at j) 0 .st- 
mortcin, dissected all the glands showing 
heavy shadows and demonstrated stones 
in 28 out of 542 organs, or 5.5%. 

Etiology. The cause of disseminated 
calcification of the pancreas is not knmui 
but is thought to result from repeateil 
attacks of ncute or subacute pancreatiti-' 
occurring in adult life. Consequently tin' 
theories regarding tlic etiology of acute 
pancreatitis, .such as bile regurgitation, 
infection or metaplasia of the duet.' with 
ron-cquent obstruction, arc cipially ajiplio- 
al)lc iierc. It scems to ns that it may ul "' 
be pos'ilde tliat this condition is the re-ult 
of cliroTiic pancreatitis originating in eliild- 
luMid, since fii'-eininutef] caleification of 
tlie pancreas ha- been found to occur I'l 
patients as young a- 17 year', 'ymptoiu- 
frispicntly d.ite back to elnidiifod and tic 
char.icti'ri'tie fe.itnres of alidoiniii-'d p mi, 
^\(•.••kn‘■ in.'dnntrition, ietem- and -teat- 
orrhea are ctunnion to both. Cole and 
How*-' de-'-rile- a •-iniilar s; ndrome 'c - 
ctsrritia* in p itient- v. ith p.iticrfatiea!r";i!i;' 
a.- -oci.it,',! V. ith f.ittv de -i-ticr.ition of tl.e 
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liver and claim this syndrome is similar 
to that found in children with chronic 
cystic fibrosis of the pancreas. 

Pathology. Detailed pathologic studies 
of the pancreas in cases of disseminated 
caleification are not numerous. The 
majority of patients in whom this condi- 
tion has been diagnosed have not had 
histologic section of the pancreas made; 
instead, the diagnosis was made by gross 
examination of the gland at operation or 
autopsy, or as a result of roentgenogram. 
Grossly the gland is firm, showing beneath 
the capsule numerous fine, hard, white 
bodies. Upon cutting, these are noted to 
be calcareous deposits, and the finer ducts 
are dilated and seen to contain minute 
calculi removable with a needle. Those 
cases in which histological examination 
has been made showed the presence of 
extensive inter- and intra- lobular fibrosis 
and considerable mononuclear cell infiltra- 
tion. The parenchyma of the gland was 
largely replaced by this fibrosis, and those 
acinar cells remaining were normal in 
appearance e.xcept in those areas where 
there Avas marked intra-lobular fibrosis. 
When the fibrosis is particularly extensive 
it may encroach upon, and replace, the 
islet cells, but usuallj' these remain intact 
in spite of the Avide-spread acinar replace- 
ment. The larger ducts sIioav a A'ariable 
degree of dilatation and minute calculi are 
seen to extend from here through the 
smaller ducts and into the finest acini; 
hoAA'CA’er, they do not appear to impinge 
upon or replace the actual secreting cells. 

In G of the 15 patients Avith disseminated 
calcification of the pancreas aa'Iio were 
operated upon or observed at necropsy, 
stones AA’ere found in the larger ducts in 
addition to the calcification present in the 
parenchyma. It AA’ould seem likely that 
the diflusc gritty sensation obser\'cd on 
cutting into the gland and the diffuse infil- 
tration noted upon Roentgen examination 
might be the result of \'ery fine radicles of 
the jAancrcatlc ducts being almost com- 
pletely filled Avith deposits of finely gran- 
ular calcium salts. If this is true it Avould 
suggest that the deposition of calcium is 


simply a progressWe phase of the condition 
causing the dSposit of pancreatic calculi 
in the larger ducts. However the out- 
standing histologic feature is the marked 
interlobular fibrosis and the atrophy or 
replacement of acinar tissue. In this 
respect there is marked similarity in the 
histologj^ of this disease to that of the pan- 
creatic atrophy of Cole and HoAA’e’s pa- 
tients and chronic cystic fibrosis in 
children. 

Syjiptomatology. In the 24 reported 
cases there AA’^ere 20 males and 4 females; 
22 of AAdiom Avere AA^hite and 2 colored. 
The aA'erage age Avas 38.6 years; the young- 
est patient Avas aged 17 years and the 
eldest 76. 

The outstanding symptom of AAdiich 
these patients complain is some form of 
abdominal pain, usually existing OA’^er a 
period of months or years. In some 
patients the onset of symptoms could be 
traced back to childhood. The pain varies 
greatly in severity and location. It is 
usually of a gnawing, boring tj^ie, occa- 
sionally described as knife-like. It is 
most frequently present in the epigastrium, 
going through to the back, but may also 
radiate to the right or left hypochondriac 
regions, the pelvis or either shoulder. The 
episodes of pain may A'^ary considerably in 
length, and are usually not related to 
meals. HoAvcA'er, particularly severe at- 
tacks may arise folloAving an e.xcessiA'e 
intake of alcohol. Nausea, bloating, 
anorexia and Ammiting are frequently 
present. TJie pain may be relicA'ed by 
taking sodium bicarbonate but more fre- 
quently it requires morphine. Steatorrhea 
and creatorrhea are present in about 25 % 
of the patients. When this exists for any 
length of time, weakness and loss of weight 
may be pronounced. In the 24 cases 
reported transient jaundice Avith enlarge- 
ment of the liA’er AA’as present in S cases; 
diabetes in 2 cases; in 9 cases a history of 
excessive indulgence in alcohol Avas ob- 
tained; 3 patients had an associated 
pulmonary tuberculosis and 3 had syphilis. 

L.\BOR.\TonY Fixdixgs. The most im- 
portant laboratory finding is an absent or 
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diminished pancreatic secretion. It is 
now generally felt from the work of Agren 
and Lagerlof/ that considerable informa- 
tion regarding pancreatic function can be 
obtained from the secretin test. 

This is carried out by introducing a 
specially designed double-lumened tube 
into the stomach and duodenum, which 
permits aspiration of the gastric and duo- 
denal secretions simultaneously'. ^Mien a 
basal level of duodenal juice is obtained 
the secretin is injected intravenously. 
Normally there is a prompt increase in the 
volume of the juice and in its bicarbonate 
and enzyme content. A marked reduction 
in volume and in bicarbonate and enzyme 
content is indicative of abnormal pan- 
creatic function. There are other methods 
of stimulating the pancreatic secretion, 
such as injecting mccholyl, whicli stimu- 
lates the vagus and thereby increases the 
enzyme content but has little cfTcct on the 
volume; and the introduction of hydro- 
chloric acid or ether' into the duodenum 
is thought by some to cause an increase in 
the pancreatic .secretion similar to that 
produced by secretin but of less intensity. 
We lias’e employed the latter mctliod 
because .secretin was not availaldc com- 
mercially and the untoward side effects 
that occur at times with mccholyl made 
us feel that this procedure was contra- 
indicated in an already sick or weakened 
patient. 

Stooi- li\\S!iN'\noN. If steatorrhea is 
present the stool grf)s>ly is large, mushy 
and formic's; if collect e<l in a p.in and 
allnwe<l to stand for a while the free fat 
ssill '»-pir,ite and run off in small streams. 
'Flic o<lor is f<tid, but there is not mucli 
frothing or bubbling of g.is; the c'olor is 
light t.nn. and glistens due to the f.at. 
Mirnt-copically a great increase in oil 
dnijih ts is re.idily disfs-miblc, anrl st.aining 
with Sudan 1 1 1 brings this out strikingly. 
('re.>torrh' i, nr the jirv-encf fif striat«-<l 
imi'( !'• flbr''' in tfe- r h ir.tf n ri'tic 

•in 1 f is'lv rf<sign’’''-<t in simp'- v et iniem- 
<"xtp'c pr> p 'mti'i'i < ('} t m’c;i! amb.'is 
fii“ tn*al f.’t V ill o”. a Clin ‘d- r.*b'i* 
in-n-j.-' nvt- t! - t' i-r* '1 .an nor t, but 


further analysis for tlie partition of neutral 
fat and fatty acids hardly seems to aid 
much in differential diagnosis since it !•: 
now generally recognized that free fat c.in 
be eliminated in the stool both in diseases 
of disturbed intestinal absorption and 
pancreatic insufficiency. 

Urixalysis. Routine urinalysis shoas 
little when the condition is primary, but 
during acute episodes and in the presence 
of marked wasting a variable degree of 
albuminuria may develop. 

Blood Count. This ordinarily shows a 
normal number of leukocytes and a .slight 
normocj'tic anemia, but during acute 
episodes there may he a moderate leuko- 
cytosis. 

Blood Chemistry. This likewise varies 
little; the serum amylase is usually within 
normal limits, but may he elevated during 
an acute episode; the blood cholesterol is 
low normal or at times definitely reduced, 
and blood sugar is normal. 

In patients who have developed a 
secondary diabetes, glycosuria and a typ- 
ical diabetic curve in a glucose tolerance 
last will be obtained. 

Ln-ER Fr.vcno.v Test. When janndicr 
is present it is usually mild. The nvailaldc 
data show that the tpialitative van den 
Bcrgli reaction is positive direct and tiic 
rpiantitative reaction .shows a slight eleva- 
tion. There may he some retention of 
hromsulfalein and an increase in the 
alkaline phosphatase activity. 

Hor.NTGf.v Kxamiv.\tiov. Tiie t>pi«d 
Roentgen picture in disseminated e.ilcifi- 
cation of the pancreas shows a diffU'O, 
stippled calcification invoUirig the iie.i'i. 
hwly and tail. This has been oh'crsKl y* 
lake place within an IS-rnonth peri'*'! 

1 r.T-, 0 , and in anotln r a progri'-uon in' 
been oh-er^i c<l beginning in the he.nd, go'i's 
through the ho<iy ami re.uiiing the t-'d 
within 7 jfars. While the finding 
lypieal ('aleifitmtion of the pinen v o'l 
Bmnfgrn-niy evarnimtion, wlun tft*' 
<iition i-. ad\aiief<i, vill rani*, • 

iiii-int» rjir* t.'.tion, it -Imiild le- li'itr- m 
mind th xt the t!* gri-*- of r tt'o-i tc''; 

he intn'ni I and tvit nx- in 
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tion to the severity of the symptoms. 
In addition, unless a plane film of the 
abdomen is made, the calcification of the 
pancreas that is present may be obscured 
by the materials used in conducting some 
other examination such as a gastrointest- 
inal series, cholecystogram, barium enema 
or pyelogram. Even if the calcification is 
noted upon Roentgen-ray examination it 
may be looked upon as a coincidental find- 
ing and no importance attached to it; it 
should be stressed that with such Roent- 
gen-ray finding, although symptoms are 
minimal and not attributed to pancreatic 
dysfunction, the possibility of the future 
development of symptoms is great. Addi- 
tional Roentgen-ray findings that may be 
of aid in evaluating this condition are the 
typical deficiency pattern of the small 
bowel described by Golden and the gran- 
ular appearance of the small bowel con- 
tents resulting from a mixture of feces 
and free fat. 

Diagnosis. In any patient with a long 
history of upper abdominal pain the possi- 
bility of disseminated calcification of the 
pancreas should be considered. Subse- 
quent confirmation of the diagnosis is then 
dependent upon: (1) a plane film of the 
abdomen including that area between the 
1st and 4th lumbar vertebrae; (2) stool 
examination for total fat and creatorrhea 
and (3) pancreatic function test. 

It should be borne in mind that this 
condition may simulate many other 
chronic diseases of the abdomen but that 
the character of the pain is usually of a 
gnawing, boring type, going through to 
the back, frequently on the left. When 
the roentgenogram, stool examination, and 
pancreatic function test are carried out 
there will usually be found definite 
roentgeuographic evidence of calcification 
in the abdomen, steatorrhea, and creator- 
rhea in the stool and a reduction in the 
l)ancreatic secretion, if disseminated calci- 
fic;ition of the pancreas is present. 

1 he disease witli which this condition is 
most commonly confused is some form of 
bili.nry tract disturbance, usually chole- 
cystitis. However, if the character of the 


293 

pain, and the long history, frequently 
going back to childhood, are kept in mind, 
pancreatic involvement will be diagnosed 
more frequently. Differentiation should 
be able to be established by carrying out 
the studies referred to above. 

Similarly, peptic ulcer is another lesion 
that gives rise to symptoms in the right 
upper quadrant; both pancreatitis and 
ulcer are associated with nausea and 
vomiting and pain that may be relieved 
with alkalies. However, the pain asso- 
ciated with the pancreatic lesion is not so 
rhythmical, is less related to food and is 
usually located on the left side, as well as 
on the right. The presence of occult blood 
in the stool, gastric analysis and gastro- 
intestinal Roentgen-ray should be suffi- 
cient to diagnose the ulcer. 

Perforated viscus may be suspected 
when the patient is having a particularly 
severe attack of pain; the recti muscles 
may be extremely hard and vomiting and 
prostration pronounced. If there is an 
accumulation of air under the diaphragm 
diagnosis will not be difficult, but in its 
absence differentiation may not be possible 
until the acute symptoms have subsided. 

Renal lesions are apt to be suspected if 
the pain extends into the pelvis or follows 
down one of the ureters; this is more apt 
to occur on the left as a result of the tail 
of the swollen, enlarged pancreas coming 
into contact with the ureter. Hematuria 
and left lumbar pain are in favor of the 
renal involvement, but the absence of 
pjmria or renal calculus should stimulate 
further search for the cause. 

Treatment. The relief of the acute 
symptoms usually requires tlie administra- 
tion of morphine, while simple sedatives 
and rest will carry the patient tlirough the 
milder attacks. When the condition is far 
advanced and a true pancreatic insuffi- 
ciency is established causing steatorrhea, 
weakness and cachexia, it can be bene- 
fited by a low-fat, high-caloric diet, vita- 
mins and large doses of Pancreatin. 
Vitamins A and D would appear to be 
indicated because of tlie failure of absorp- 
tion that existed during the pancreatic 
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deficiency state. Pancreatin should be 
given in triple strength in enteric-coated 
pills, and the dosage should be gauged 
according to the response in veight gain 
and the reduction in steatorrhea. In some 
patients 8 gm. daily has been recom- 
mended to accomplish this. 

Although there has been surgical re- 
moval of stones in the larger ducts of the 
pancreas associated vith disseminated cal- 
cification, there is no e^•idence that this 
has materially changed the com^e of the 
disease. Recently partial and total pan- 
createctomies have been performed in 
selected patients with intolerable pain and 
threatened morphinism. The extent of 


pancreatic removal was the extent of 
involvement of the organ with calculi and 
calcification.^’ 

We wish to describe 2 patients with dis- 
seminated calcification of the pancreas; 
the first we diagnosed during his latest 
admission. The second patient was not 
seen by us but was included because it is 
the only other instance of this condition 
that we could find after a search of the 
clinical, pathologic and Roentgen-ray files 
at the hospital. 

Case Reports. C.xse 1. F. A., white, male, 
aged 33, occupation, miner. We first saw 
this patient when he was admitted to the 
hospital in Februar 3 '. 1946, at which time 


'T.kbvt: 1. — Lvbor.\toky Fint>ixgs JN" C.^^e 1, F. A. 


.Admission 

First 

Second Tiiird 

Fourth 

Fifth 

Sixth 

Hemoglobin 

91 % 

71% 70% 

45% 

79% 

90% 

RBC. . 

4,200,000 

3,200,000 3,500,000 

2.500,000 

3,500,000 

4,100,000 

WBC . 

13,600 

4,000 10,000 

11,400 

14,200 

6,300 

TVassermann 

negative 

negative 

negative 

negative 

negative 

Urinalysis: 






Albumin . 

one plus 

negative two plus 

negative 

negative 

negative 

Sugar . 

negative 

negative negative 

negative 

negative 

negative 

Stool Examination . 




positive 

1. Many fat 




for occ. blood 

globules. 





Xo excess 

2. Fat 42rc 





fat, ova or 

dried wt. 





parasites 

3. Fat 23% 





present 

dried wt. 






4. Fat 1S% 






dried wt. 

Retention of Bromsulfalein . 

none 


10% 

none 

none 

van den Bergh: 






Qualitative 

negative 


positive 

negative 

negath e 

Quantitative (mg. per 100 cc.) 

0.3 


1.7 

0.6 

0.4 

Urobilinogen 



positive 






1-50 



Cholesterol (mg. per 100 cc.) 

94 


3G0 

124 

15S 

Ester (mg. i>er 100 cc.) 

62 


2SS 

104 

121 

Free (mg. per 100 cc.) 

32 


7S 

20 

3“ 

Protein (gm. per 100 cc.) . 

G.76 

6.14 


6.65 

5.S 

•Albumen (gm. per 100 cc.) 

3 S3 

3,64 


4.81 

3.0 

Globulin (gm. i>er 100 cc.) 

2.93 

2,5 


1.S4 

2.3 

Urea Xitrogen: 






BUX (mg. per 100 cc.) 

S.95 

» . . 



9.S 

XPX (mg. per 100 cc.) 

IS 

29 

22 

— 


Prothrombin time . 

.. . 



100% 


Serum .Vmjdase 





less than 






SO units 

Gastric Anah-sis: 






Total acid 

57 units 




45 units 

Free acid . 

41 units 




25 units 


Glucose Tolerance Cun, e (Sixth Admission). _ 

Fastinc: 12G nifs. hr. 147 mcs. 2nd hr. 8.7 in^s. ; ord hr. GO nigs. 4th hr. 05 mg5. ,c 

5th hr. 77 mgs. Gth hr. 72 mgs. ‘Tc- 
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he was complaining of an upper respiratory cholecystectomy for “hydrops of the gall- 
tract infection, abdominal pain and diarrhea. bladder” at another hospital. This latter 
We found that he bad been admitted on 5 operation was complicated by a post-opera- 
previous occasions during the past 7 years, tive atelectasis. For many years he had 
with complaints of upper abdominal pain. been a heavy drinker, consuming a pint to 
His first admission was on March 19, 1939. a pint-and-a-half of whiskey daily. 

His past medical history revealed that he At the time of this admission the patient 
had had no serious childhood illnesses; his was complaining of upper abdominal pain 
appendix was removed in 1934; he had a soft radiating through to the right shoulder blade, 
chancre which was treated as syphilis, in intermittent nausea and vomiting for the 
1938 and in November, 1938, he had a past nine months. During this time he had 



Flo. 1 . — Case 1. Rocntgcnogmin showing the progression in pancre.itic calcification from 1939 to 1946 
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bad some diarrhea and lost 50 pounds in 
weight. He had previously had constipation 
for a "long time.” The patient states that 
these complaints were not relieved the 
cholecystectomy in 1938, in fact he thinks 
they were aggravated. 

Upon , physical examination the patient 
did not appear to be acutelj' HI. The only 
positive finding was tenderness upon deep 
palpation in the right upper quadrant. The 
liver was enlarged and tender and the edge 
fairly smooth and sharp. A cholecystogram, 
taken because there was some doubt as to 
whether the gallbladder had been removed, 
showed no eiddence of biliai^’' calculi, but 
calcification was noted in the right upper 
quadrant just adjacent to the body of the 
first transverse process. This same calcifi- 
cation was again noted upon two additional 
Roentgen e.xaminations. Exploratory lap- 
arotomy was performed and a large mass 
was found firmly adherent to the under side 
of the liver, from which several loops of 
small bowel were dissected. The great 
thickness of the adhesions was thought b 3 ' 
the surgeon to be due to a suppurative 
process following the cholecystectomy. The 
pancreas was noted to be hardened in its 
entirety. Postoperatively the patient devel- 
oped a sub-hepatic abscess which was 
drained. He recovered and was discharged 
from the hospital on June 15, 1939. 

During the succeeding 2 years the patient 
was re-admitted to the hospital on 4 separate 
occasions at intervals varying from 1 to 7 
months. The symptoms of which he com- 
plained during this time were similar to 
those he had upon his first admission, 
namely, a gnawing, boring pain in the epi- 
gastrium, radiating through to the back, 
which was not related to food, and onl 3 ’^ 
relieved bj' opiates, nausea, vomiting and 
loss of weight. 

On the first of these admissions he was 
treated sjmiptomatically; on the next admis- 
sion there were clinical and Roentgen find- 
ings suggestive of pjdoric obstruction for 
which a gastroenterostomj’’ was done. On 
the third admission transient jaundice was 
present and thought to be due to a stone in 
the common duct which had passed, and on 
the fourth admission, because of the patient’s 
continued complaints without demonstrable 
organic cause, a psj'chiatric consultation was 
held and a' diagnosis of constitutional ps>’- 
chopathic state was made. 


In April, 1944, he was operated upon at 
another hospital for a herniated intraverte- 
bral disc. 

On February 2, 1946, 5 years after his last 
admission, he was admitted for the sixth 
time, with a primary complaint of upper 
respiratorj^ tract infection of 3 weeks’ dura- 
tion, In addition, for the past 18 months he 
had been haxdng intermittent attacks of 
sharp, colickj’’ peri-umbilical pain radiating 
to the left flarrk, groin, scrotum and inner 
aspect of the thighs. These attacks occurred 
about once every 2 to 3 months and lasted 
about 2 weeks. Dirring the attacks, and 
with heary coughing, vomiting was frequent. 
The patient states he often induced vomiting 
which relieved the nausea and partiall}- 
relieved the pain. For the past 2 or 3 years 
he had been having 11 to 12 stools daily. 
These frequently followed meals and con- 
tained undigested food and oily liquid. 
Physical examination revealed dry, wheezing 
and coarse, crackling rales throughout both 
lung fields, and the liver was enlarged three 
fingers’ breadth below the costal margin. 
The temperature was 101.4 F., there was no 
icterus and no abdominal tenderness, hlicro- 
scopic stool examination showed manj' fat 
globules and undigested striated meat fibers. 
The chemical analysis showed fat to be 42% 
of the dried weight. On 2 pancreatic func- 
tion tests, no trypsin was present in anj'_ of 
the fractions obtained following stimulation 
with ether. The absence of pancreatic tp’P' 
sin was confirmed on August 16, 1946, in a 
secretin test performed by one of us OU 
J. S.) and Dr. M. H. F. Friedman. The 
volume response was within normal range 
but no trjrpsin was detected in any of the 
duodenal drainage samples. 

A gastrointestinal Roentgen-ray revealea 
no evidence of abnormal lesion in the upper 
gastrointestinal tract except for moderate 
changes indicative of small bowel deficiency 
pattern and a granular appearance that was 
thought to be due to an admixture of free 
fat and the barium. A roentgenogram of 
the abdomen revealed diffuse calcification of 
the pancreas, and one of the chest showed 
accentuated hilar shadows with increased 
pulmonary markings radiating to both bases. 

On bronchoscopic' e.xamination there was 
edema and redness of the bronchi and the 
presence of thick, tenacious mucus was 
noted. 

On the basis of the calcification and the 
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small bowel pattern seen upon Roentgen-ray 
examination, the steatorrhea and creator- 
rhea, and the absence of trypsin, a diagnosis 
of disseminated calcification of the pancreas 
with pancreatic insufficiency was made. 


Treatment was instituted 'by giving the 
patient a low-fat diet, vitamins A and D, 
attd Pancreatin. Initially 15 grains of Pan- 
creatin were given daily, but it was only 
after this was increased to 90 grains dailj’' 



Fig. 4. — Case 1 . Stool showing typical steatorrhea. Note oily 
liquid flowing freely about margin of stool. 
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that there was a substantial reduction of fat 
in the stool and an increase in the patient’s 
weight. 

On this regimen he made steady progress. 
The number of stools dropped from 11 or 12 
to 1 or 2 daily. They remained bulkj>- and 
formless but grosslj'^ thej^ were free of excess 
fat and no longer fetid. He felt generallj' 
better, his appetite improved and he gained 
13 pounds in weight, but was not completely 
free of mild attacks of abdominal pain. 
However, these attacks were distinctly less 
intense in character and of shorter duration 
than those he had previously experienced. 
The general improvement was sufficient to 
permit bis discharge from the hospital and 
he was ad^dsed to return to the out-patient 
clinic for further follow-up. 


pain disappeared. During one of these 
episodes he noticed that his skin was slightly 
yellow. 

Except for the abdominal pain referred to 
above, the only relevant finding in liis per- 
sonal history' was that he indulged heavily 
in alcohol. Upon admission the physical 
examination was essentially' negative except 
for moderate tenderness and muscle guarding 
over the gallbladder region and in the right 
flank. No icterus was present. The temper- 
ature was 101.8 F. which dropped slowly to 
normal within 3 day's. 

Hemoglobin was 7S%, ery'throcyies 
3,900,000 per cu. mm. The blood prothrom- 
bin time was 44% on August 4th and 82% 
on August 12th. The serum amydase was 
88 units, and the plasma protein was 5.8 gm. 



Fig. 6 . — Case S. Roentgenogram showing e.v- 
tensive calcification of the pancreas. 


The laboratory findings on this patient 
for all admissions are summarised in Table 1. 

C.tSE 2. E. K.. white, male, aged 47. 
Occupation, elevator operator. This patient 
was admitted to the hospital on August 13, 
1943, complaining of right upper quadrant 
pain which had been recurring at irregular 
intervals over a period of nine yuars. It was 
colickly' in natme and penetrated through to 
the back beneath the right scapida. With 
each recurrence the initial phase was so 
severe that morpliine was required to give 
relief and he would then follow a re.«trlcted 
diet for a variable period of time until the 


On August 4th the qualitative van den Bergh 
reaction was negative direct and quantitative 
1.3 mg. per 100 cc., and on August 12tfi 
there was still a negative direct reaction and 
serum bilirubin was 0.2 mg. The urea clear- 
ance was 73% of average normal. A routine 
urinalysis was negative except for 1-pIus 
albumin. 

A cholecystogram showed a normally' func- 
tioning gallbladder without eHdence of 
calculi, but the presence of extensive calci- 
fication of the pancreas was noted. 

A Roentgen-ray picture of the chest re- 
vealed prominent hilar shadows in both lung 
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fields and minimal tuberculosis in the left 
second intercostal space. 

The patient was given bed-rest and treated 
symptomatically; the pain subsided slowly 
over a period of 9 daj'-s and he was dis- 
charged symptom-free on August 19, 1943, 
with a diagnosis of acute cholecystitis which 
had subsided. 

Since this patient was not re-admitted, an 
attempt was made to trace him through his 
former employer and we learned that he 
had died in June, 1945, in a Veterans’ Tuber- 
culosis Sanitarium. Unfortunately no au- 
topsy was performed and there were no 
records available indicating that any further 
pancreatic dysfunction had been recognised. 
Nevertheless, on the basis of the long history 
of repeated attacks of severe abdominal pain, 
the transient mild jaundice and the presence 
of marked, diffuse calcification of the pan- 
creas seen upon Roentgen-ray examination, 
we felt that this patient represented an addi- 
tional case of disseminated calcification of 
the pancreas. 

Comment and Conclusion. Probabl}' one 
of the greatest benefits tliat will accrue 
from the proper recognition of tin's disease 
is that it may prevent the needless removal 


of a gallbladder, appendix or kidney. As 
has been demonstrated in one of our 
patients the erroneous removal of his gall- 
bladder led to a series of operations to 
overcome the sequels of the first, without 
in the least benefiting the condition giving 
rise to the initial symptoms. On one occa- 
sion, due to tlie persistent complaint of 
abdominal pain for which no organic cause 
could be found, this patient was also diag- 
nosed as a psychoneurotic. That this 
error has occurred previously is indicated 
by the paper of Yaskin^'* who reported 
4 cases of pancreatic disease in 1931 in 
whom a diagnosis of functional disturbance 
was made, and by that of Rickies® who in 
1945 added 3 cases with depression and 
anxiety as the presenting symptom. Both 
authors emphasize that the clinician should 
ahvaj’^s be on guard to rule out disease of 
the pancreas when deep-seated pain in 
the epigastrium is associated with mental 
symptoms. Remaining alert to the possi- 
bility of the existence of disseminated 
calcification of the pancreas in a patient is 
probably the most important single factor 
in its recognition. 
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Almost simultaneous^’' in March, 1943, 
it was reported in both the United States’’ 
and England” that during treatment of 
subacute bacterial endocarditis with peni- 
cillin the blood was freed of green-pro- 
ducing streptococci, but that the infection 
recurred after the withdrawal of penicillin. 
This concept persisted throughout 1943. 
In January of 1944, Loewe and his as- 
sociates’® reported on 7 consecutive cases 
in which the use of penicillin and the 
simultaneous administration of the anti- 
coagulant heparin had proved successful. 

This was the status of our knowledge 
when penicillin became more readily avail- 
able for civilian use in June of 1944. A 
few earlier attempts had been made at the 
State of Wisconsin General Hospital to 
treat subacute bacterial endocarditis with 
the new drug. Varying quantities of peni- 
cillin were used and the treatment was 
carried on for various periods of time. Be- 
cause at that time an anticoagulant seemed 
to have definite value, it was decided to 
use Dicumarol in combination with peni- 
cillin. Dicumarol, 3,3’ raethylenebis (4- 
Hydroxj'-coumarin), had been identified 
by Professor K. P. Link and his associ- 
ates’’’®'”'” as the toxic factor in spoiled 
sweet clover and was later isolated and 
crystallized by them. It had been used 
clinically Meyer et al.’’’® and Allen 
et al.® as an anticoagulant. After having 
used heparin and the sulfonamides in the 
treatment of subacute bacterial endocar- 
ditis, Allen’ at the Alayo Clinic substi- 
tuted Dicumarol, but fatal cerebral hem- 
orrhages occurred as they had with the 
former combination of heparin and sul- 


fonamide. Experiences with our early 
cases have been reported in two previous 
papers”’’®. 

One year after the report of Loewe, how- 
ever, Dawson and Hunter’ published their 
results with two series of cases, in the first 
of which they used a combination of peni- 
cillin and heparin and in the second peni- 
cillin alone. The results in the two series 
were equally favorable. The experience 
of Bloomfield’ in California and of Katz” 
in Chicago also indicated that the anti- 
coagulant was unnecessary. The reports 
which continue to appear in the litera- 
ture’®'”’” indicate that at least 50% or 
more of unselected cases are arrested. 

There is a marked difference of opinion 
as to the optimum length of time that 
therapy should be continued. Bloomfield, 
et al.®’’’® lean toward prolonged therapy, 
a view which we share”. Meads, Harris 
and Finland”, on the other hand, obtained 
comparable results ■with therapy of no 
more than 2 weeks’ diuation, and similar 
findings are reported by Hunter and 
Dawson” who found intensive courses 
over relatively short periods of time to be 
effective. The method of administration 
is also in question. Bloomfield and his 
group^ lean toward interrupted intra- 
muscular injections in the majority of 
cases, as we do also; Goerner and Blake’* 
favor the continuous intravenous route, 
and Dawson and Hunter” feel that their 
best results are obtained by continuous 
intramuscular injections. 

Methods. In general, pcncillin was ad- 
ministered only to patients from whom at 
least 2 posith’e cultures had been obtained. 


* Read in part before the Central Society for Clinical Research, Chicago, November 3, 1945. 
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The organism was checked in vitro to de- 
termine its sensitivity to penicillin, bj’^ a 
method similar to that of Thomas, Levine, 
and Vitagliano^®; drops of various concen- 
trations, namelj’^, 0.05, 0.25 and 0.5 units 
per cc., were placed in small wells on an 
agar plate and the resulting zone of inhibi- 
tion was noted. A suitable method for clin- 
ical administration was developed early. By 
the time 3 or 4 cases had been treated certain 
broad principles had been evolved. Six 
weeks was decided upon as the shortest 
period of time in which organization of vege- 
tations could be expected and penicillin ad- 
ministration was carried on for at least that 
long. As penicillin was still relatively scarce, 
it was given intramuscularly in 6 daUy doses 
for a total of 120,000 units. Later, with 
added experience, and more penicillin avail- 
able, we concluded that this dosage should 
be increased, and treatment was started with 
an intramuscular injection of at least 25,000 
units every 3 hours. Intramuscular admin- 
istration being the most convenient, was 
utilized in all cases unless the patient did not 
respond and a trial by another route seemed 
indicated. In several refractory cases we 
later administered 1,000,000 to 3,000,000 
units of penicillin daily by continuous intra- 
muscular or intravenous drip. Dicumarol 
was administered in an initial dose of 4 or 
5 mg. per kilogram. Subsequent daily doses 
of 1.5 mg. per kilogram were given to main- 
tain a prothrombin time between 25 and 
50% of normal, as determined by Pohle and 
Stewart’s” modification of the Quick method. 
In the first trials Dicumarol was begun 
shortly after the initiation of penicillin 
therapy. After the death of a patient (Case 
No. 9) following a few days of combined 
thcrap}”, possibly from cerebral hemorrhage, 
it was decided to begin Dicumarol therapy 
onl}" after the temperature became 99 or less 
or after the cultures became negative. Peni- 
cillinase was not used in the culture media 
in this study, and this was probably respon- 
sible for suppression of many otherwise posi- 
tive blood cultures. The patients were, 
however, kept in the hospital for 5 to 14 
days after treatment was finished and cul- 
tures were taken everj' day or two during 
this time. The first check-up examination 
was usually advised at the end of one month, 
at which time most of the relapses were 
obrious. 


Results. Thirteen cases were treated 
with penicillin and Dicumarol (Table 1). 
Of this group, 11 had rheumatic vahmlar 
lesions, 1 had a congenital lesion, and 1 
was believed to have a combined con- 
genital and rheumatic lesion. Seven re- 
covered and remained rvell for intervals 
of 10 to 17 months. The duration of 
symptoms before, therapy was begun 
ranged from 1 to 17 months, the average 
being 3| months. After therapy was in- 
itiated, fever usually subsided by tlie 14th 
day, the average being 12| da,ys. In all 
but one case cultures became negative in 
1 to 3 days; in that case it took 27 days. 
The average length of time that elapsed 
before negative cultures were obtained 
jvas 5| days. The smallest total dosage 
administered in these successful cases was 
2,500,000 units and the largest 20,200,000. 
Only 2 of these patients had received peni- 
cillin therapy previously- The blood cul- 
tures of all were positive for Streptococcus 
viridans, and all of the organisms \vere 
sensitive to penicillin in vitro, giving in- 
hibition with 0.05 unit per cc. We include 
the summary of one of these successful 
cases. 

Case Reports. Case 3. A 24-year-old 
white male entered the hospital on August 
23, 1944. In May he had had “grippe” with 
chills, fever, and backache. Sulfonamide 
therapj'- gave temporary relief for approxi- 
mately a week, after which the symptoms 
recurred. Past historj’’ revealed that at the 
age of 9 he had had rheumatic fever. Physi- 
cal examination showed that the patient was 
acutely ill, and scattered petechiae rvere 
noted. The heart showed signs of a double 
aortic lesion. The spleen was barely pal- 
pable, There was mild anemia, and 3 cul- 
tures were positive for Streptococcus vmda 7 }s, 
sensitive to penicillin, with a zone of inhibi- 
tion of 25 mm. around a drop containing 
0.05 unit per cc. On September 1, 1944, 
penicillin in quantities of 35,000 units eveiy 
4 hours injected intramuscularl}' was started 
along with Dicumarol. On September 16 
penicillin was reduced to 25,000 units even- 
4 hours, on the 30th to 20,000 units, and on 
October 4th to 15,000 units. It W'as discon- 
tinued completely on October 12th. The 
initial fever in this case was 105.8 degrees F. 
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and by the second day of therapy it had 
decreased to 99. The first negative blood 
culture was obtained on September 2nd. 
The course was uneventful and he was dis- 
charged on October 19, 1944. A subsequent 
check-up in March of 1945 revealed that 
there had been no recurrence of symptoms, 
and 3 negative cultures were obtained. On 
March 29, 1946, there was still no evidence 
of recurrence. 

Another patient (Case 8) had a relapse 
after almost a year, during 7 months of 
which he had been working. . He had had 
a tooth extracted and had been given ■what 
was erroneously thought to be adequate 
prophylactic penicillin therapy. Penicillin 
was given 14 hours before and 54 hours 
after the extraction in quantities of 15,000 
units every 3 hours. Within a -n'eek, how- 
ever, he again had chills and fever, and 
positive cultures for Streptococcus viridans 
were obtained. He 'V'as under therapy 
from June, 1945, to February, 1946, but 
the condition was not arrested. He is 


being treated again and will be the subject 
of a separate report. . 

Of the 5 unsuccessful cases in this group, 
3 relapsed promptly after the discontinu- 
ance of therapy. Two of these (Cases II 
and 13) had received pre'^nous penicillin 
therapy in inadequate doses and the third 
(Case 12) left the hospital against our ad- 
vice before completing the minimum 6 
weeks’ course which we had advocated. 
These 3 have made recoveries on penicillin 
therapy alone in massive doses and case 
summary No. 11 follows. 

Case 11. A 21-year-old white male had 
been a patient here in Januarj'- of 1944. At 
that time a diagnosis of subacute bacterial 
endocarditis with rheumatic mitral stenosis 
and insufficienc 3 ’’ had been made. Sulfa- 
merazine and t 3 'phoid vaccine gave tempo- 
rarj' improvement. He returned on Maj”^ 23, 
1944, and cultures were persistently positive 
for Streptococcus viridans. He had a gnaMng 
abdominal pain, nausea, and hematemesis 
and was placed on a modified Sippy regimen. 
Subsequent studies of his gastro-intestinal 


Table 1. — Cases Treated IVith Penicillin and Dicumarol 


Case 

Discharge 

Age 

Duration 

of 

Organ- 

Prenous 

Penicillin 

Units 

Fea-er 

Days First 

After Negatia-e 

Course 

No. 

Date 

Yrs. 

Symp- 

ism 

Therapy Total Posace 

to 

Ex.— 99° Cuiture 


Case 1 

8-30-44 

38 

toms 

6 mo. 

Strep. 

0 

2,500,000 

102- 

after Ex. 
1 day 1 day 

Arrested. 

N.E.W. 

Case 2 

8-31-44 

40 

2 mo. 

raridans 

Strep. 

0 

3,185,000 

104< 

14 days 2 days 

Arrested. 

J.G.'W. 
Case 3 

10-19-44 

24 

3 mo. 

adridans 

Strep. 

0 

6,300,000 

1058 

1 day I day 

Arrested. 

R.M. 
Case 4 

12-19-44 

39 

4 mo. 

adridans 

Strep. 

+ 

6,000,000 

101= 

19 days 2 days 

Arrested. 

G.'W. 
Case 5 

3-5-45 

33 

4 mo. 

idridans 

Strep. 

+ 

20,200,000 

102 

36 days 2 days 

Arrested. 

P.K. 

Case 6 

3-20-45 

48 

3 mo- 

adridans 

Strep. 

0 

8,535,000 

102= 

12 days 27 days 

Arrested. 

B.R. 
Case 7 

3-31-45 

IG 

1 mo. 

adridans 

Strep. 

0 

7,095,000 

101 

2 days 3 days 

Arrested. 

D.K. 

Case S 

S-19-44 

48 

5 mo. 

adridans 

Strep. 

0 

4,295,000 

103 

6 days 4 days 

Relapse. 1 Jf- 

J.R. 

Case 9 

10-12-44 

33 

7 mo. 

adridans 

Strep. 

"i* 

720,000 

10.3= 

Nea-cr Nearer 

after dental 
extraction. 
Died — Pos- 

G.W. 

Case 10 

2-7-45 

40 

7 roo. 

adridans 

Strep. 


12.805,000 

101® 

Never Nea-er 

sible cerebral 

hemorrhage. 

Died. 

D.D. 
Case 11 

2-7-45 

21 

17 mo. 

a'lridans 

Strep. 

4- 

23,760,000 

101 

7 days Never 

Arrested after 

L.M.IV. 

Case 12 

7-5-45 

22 

2 mo. 

adridans 

Strep. 

0 

4,960,000 

103 

6 days 2 days 

42,000,000 
infensia'e. 
Arrested after 

R.J.S. 

Case 13 

8-27-45 

39 

0 mo. 

adridans 

Non- 

4- 

6.385.000 

8.360.000 

100' 

2 days 41 days 

52,914.000 
intcnsia-c. 
Arrested after 

J.F.S. 




homo. 

strep. 



20,840,000 

intensia-e. 
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tract, including Roentgen-ray, esophogos- 
copy, and gastroscopy, failed to reveal the 
source of this trouble. Penicillin became 
available at this time and he was given 

1.100.000 units, starting June 27, 1944, and 
after 1 week on this therapy his temperature 
was normal and the cultures were negative. 
He was discharged on Julj'' 10, 1944. When 
he returned on October 2, 1944, the blood 
cultures were again positive, and combined 
therapy, 25,000 units of penicillin every 4 
hours intramuscularly and oral Dicumarol, 
was instituted. This was gradually reduced 
and toward the end of a course of 11,860,000 
units, 5 negative blood cultures were ob- 
tained. He was discharged on December 20, 

1944. He was admitted once more on Feb- 
ruary 7, 1945, when cultures were again 
positive. Penicillin was given in quantities 
of 50,000 units every 3 hours for a total of 

23.760.000 units along with Dicumarol. The 
temperature, which had been 101 on ad- 
mission, fell to normal a week after therap}^ 
was begun. On March 28, 1945, he had 
another hematemesis, and at this time 
Dicumarol was stopped. Again diagnostic 
studies were negative. He recovered rap- 
idly from this episode and was discharged at 
his request on June 5, 1945. All cultures 
during this staj’- were positive. On July 10, 

1945, after having another hematemesis, the 
patient returned. He wms now given 

1.000. 000 units of penicillin daily in 1,000 cc. 
of glucose as a continuous intravenous drip. 
No Dicumarol was given. The therap}^ was 
continued for 42 days. Onl}" 1 culture (on 
August 10, 1945) was positive. He was dis- 
charged on August 24. When seen in 
check-ups on September 26 and No^Tmber 
27, 1945, and on IMarch 26, 1946, he was 
getting along well, and the 9 cultures taken 
at these times were negative. 

The 2 cases which were complete failures 
inchide a 40-year-old white female (Case 
10), with a Sircjitococcus viridans organism 
sensitive to j)eniciirm in quantities of 0.25 
unit per cc., who was under therapy for 
almost 4 months. She had previously re- 
ceived 2 short courses of penicillin else- 
where consisting of 2,500,000 units and 

3.000. 000 units respectively, each of which 
given over a 10-dny period resulted in 
temporary relief of .symptoms. She re- 
ceived penicillin here in quantities as high 


as 25,000 units every 2 hours, intramus- 
cularly, and for a time part of the daily 
dosage was given by the continuous in- 
travenous route. A total of 12,805,000 
units rvas given. During her entire stay 
she ran a septic type of fever, and cultures 
were persistently positive. The last case 
(Case 9) had a Streptococcus viridmis or- 
ganism which was resistant to the action 
of penicillin, and she apparently died of a 
cerebral hemorrhage following initiation 
of the combined therapy, though autopsy 
was not permitted. 

Nine patients received penicillin alone, 
8 of whom had rheumatic lesions and 1 a 
possible combined congenital intraventri- 
cular septal defect and rheumatic mitral 
and aortic disease (Table 2). Two of 
these were in the group before our organ- 
ized plan ivas established. In others 
Dicumarol was withheld because negative 
blood culture and control of fever ivere not 
obtained. Two others are in the group 
because antifcoagulant therapy seemed 
contraindicated. Of the total group of 
nine, 4 died and came to autopsy, and the 
following findings were noted. The first 
(Case 17) was a 76-year-old white male 
who received 15,000 units of penicillin 
eveiy 4 hours intramuscularly for a total 
of 810,000 units. At autopsy an ulcerated 
vegetation wms noted on the mitral valve, 
which showed previous rheumatic damage. 
There were many bacterial colonies and 
no evidence that the vegetation “was heal- 
ing. Splenic infarctions were also present. 
The second (Case 18) w'as a 46-year-old 
white male who had previously received 
inadequate therapy. He w’as given 3,- 

420,000 units in appro.ximately 11 days 
in quantities as high as 50,000 units every 
3 liours, intramuscularly. He developed 
a pulmonary infarction and died. Autopsy 
revealed that the aortic valve was in- 
volved, and though it was obvious that 
repair had proceeded, with fibroblastic 
activity and some calcification, this did 
not counterbalance the destructive process 
and a few “puny” colonies were seen. 
The third case (Case 19) was the first 
patient to receive penicillin for subacute 
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bacterial endocarditis at this hospital. He 
was 51 years old and had had a total of 
2,000,000 units intramuscularly, 15,000 
units every 4 hours, for 22 days; and at 
the time of his discharge from this hos- 
pital, cultures were negative. Approxi- 
mately 5 months later he developed con- 
gestive heart failure and died at another 
hospital. At that time cultures were 
negative. Autopsy showed organized le- 
sions on the valves, but scattered colonies 
of bacteria were present in the organized 
tissue. The last case (Case 20) is described 
in some detail because of the findings on 
the heart valve when autopsy was per- 
formed. 


excursion. The heart was enlarged, systolic 
aortic and mitral murmurs were noted. 
There was abdominal distention, tjunpany, 
and marked tenderness, especially in the 
right upper quadrant with muscle spasm 
and rebound tenderness. The liver was 
4 cm. below the right costal margin. Labo- 
ratory studies showed a hemoglobin of 8 
grams, red blood cell count of 2,860,000, 
white blood cell count of 11,200 with 90% 
neutrophils. A urinalysis showed 0.07% 
albumin with clumps of white blood cells. 
A fluoroscopic examination substantiated 
the fact that the right leaf of the diaphragm 
was not moving. The impression was sub- 
plirenic abscess and bilateral pyelonephritis, 
and after several transfusions a surgical ex- 


Table 2. — Cases Treated With Penicillin 


Duration 


Case 

Discharge 

-Age 

of 

Organ- 

Pre\aous 

No. 

Date 

Yrs. 

Symp- 

toms 

ism 

Therapy 

Case 14 
C.L.P. 

7-1-44 

13 

1 mo. 

Type V 
Pneumo, 

0 

Case 15 
S.G. 

11-4-44 

33 

7 mo. 

Strep. 

t-iridans 

0 

Case 16 
V.A.K. 

12-5-45 

31 

2 mo. 

Strep. 

tdridana 

+ 

Case 17 
P.D.L. 

C-22-44 

76 

y, mo. 

Strep. 

viridans 

0 

Case 18 
E.S. 

7-23-45 

46 

4 mo. 

Strep. 

viridans 

0 

Case 19 
J.I. 

7-11-44 

51 

11 mo. 

Strep. 

tdridans 

0 

Case 20 
J.A.K. 

ll-S-44 

30 

2 mo. 

Non- 

hemo. 

strep. 

0 

Case 21 
J.H.N. 

1-20-45 

39 

1 mo. 

Strep. 

viridans 

-1- 

Case 22 
G.K. 

6-29-45 

20 

5 mo. 

Strep. 

viridans 

-1- 


Case 20. A 30-year-old white female 
entered the hospital on September 19, 1944, 
as an emergency case; she had severe pain 
in the right upper quadrant, abdominal dis- 
tention, nausea, vomiting, chills, and fever. 
Symptoms had begun 5 weeks premously, 
had become progressively more severe; dur- 
ing this time there had been a 25-pound loss 
of weight. She had had similar complaints 
prior to a cholecj-stectomy in 1935. On 
phj’sical examination she appeared pale and 
acutely ill; respirations were rapid and shal- 
low and the fex'er was 101. There were a 
few basal rales in the right lung, the right 
diaphragm was elevated and there was no 


Penicillin 

Units 

Fever 

Days 

After 

First 

Negative 

Course 

Total Dosage 

to 

Ra.-99° 

Culture 


2,160,000 

105< 

IS days 

after Rx. 
2 days 

Arrested. 

5,860,000 

102 

2 days 

2 days Arrested. 

26,475,000 

102< 

2 days 

17 days 

Arrested. 

810,000 

105 

Never 

Never 

Died. 

3,420,000 

104« 

Never 

9 days 

Died. 

2,000,000 

103“ 

13 days 

1 day 

Died — Con- 

1,250,000 

103‘ 

Never 

1 day 

gestive 
heart faUure. 
Died — Con- 

i, jnii. 


gestive fail- 
lire & com- 
plications. 


180,000 

102“ 

1 day 

Never 

Died. 

1,900,000 

103 

Never 

Never 

Died. 


ploration for possible drainage of the sub- 
phrenic abscess was made. About 500 to 
800 cc. of clear yellow fluid were removed, 
and a liver biopsy showed subacute_ to 
chronic hepatitis. A cystoscopic examina- 
tion later confirmed the diagnosis of pye- 
lonephritis on the right due to B. Aerogcnes 
and on the left due to Streptococcus fecalis 
and B. Pyocyaneus. While in the hospital 
her course continued to be stormy; she de- 
veloped petechiae and after several negative 
blood cultures one was obtained which was 
positive for a nonhemolyiic streptococcus. 
Sulfadiazine had been of no avail and vdtb 
the positive culture a tentative diagnosis of 
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subacute bacterial endocarditis or periarte- 
ritis nodosa was made and penicillin was 
given, 15,000 units every 4 hours for a total 
of 1,250,000 units. In spite of this therapy, 
nausea and vomiting became marked and 
the patient died on November IS, 1944. An 
autopsy was performed, which showed sub- 
acute bacterial endocarditis with small vege- 
tations on the aortic and mitral leaflets, 
splenic infarctions with rupture of one into 
the subphrenic space, renal and liver in- 
farction, rheumatic endocarditis, chronic 
pericarditis and myocardial infarction. Be- 
sides this, periarteritis nodosa was present. 
The description of the valve is worthy of 
note. The aortic leaflet showed a small 
vegetation 0.5 mm. in diameter. The mitral 
leaflet had one small adherent vegetative 
area 2 mm. in diameter. On microscopic 
examination there was hyalinization of the 
vegetations which were completely sterile. 
The subacute bacterial endocarditis appeared 
to be healed. 

Three of the cases described above had 
fairly large lesions. The finding of colonies 
on an organized valve, as in Case 19, has 
been previously reported by Bloomfield^. 
The complete healing of Case 20 is of 
interest. This might have occurred with- 
out therapy in the natural course of the 
disease. On the other hand, since the 
vegetations were small, therapy may have 
been adequate in this case. 

Of the remaining cases which did not 
receive Dicumarol, one, a 33-year-old 
white female, was 5 months pregnant and 
stated at the time of admission that she 
had vaginal bleeding. She also had jaun- 
dice thought to be due to cholecystitis and 
cholelithiasis. She responded to penicillin 
therapy alone. Two other patients did 
not receive Dicum.arol, one because the 
prothrombin time was low on admission 
(Case 14, a Type V Pneumococcus infec- 
tion) and the other (Case 16 with a Strep- 
iococcus viridans organism present) be- 
cause he had had a stormy course before 
therapy Avas started. The 2 remaining 
cases have died, one in the hospital of a 
convulsion after receiving only 160,000 
units, tlie otlicr at home, her symptoms 
never having come under control in spite 


of 31,900,000 units, part of which dosage 
was administered in combination with 
sulfadiazine for 7 days, and part of it by 
the constant intravenous drip. 

Hence, in the entire group of 13 cases 
that received the combined therapy, 8 
were arrested, 1 of these relapsed after a 
year, 3 additional cases recovered on later 
regimens of intensive penicillin therapy 
alone. Of 9 treated wdth penicillin alone, 
4 were arrested, 1 of these died and sterile 
healed vegetations were noted at autopsy, 
and another with negative cultures 5 
months after therapy showed colonies still 
present in the vegetation at autopsy. 
Fifteen absolute arrests were obtained in 
the total series of 22 cases. 

We noted that the early cases in our 
series were easily controlled, whereas later 
we encountered more that were refractory 
and there was difficulty in getting the 
patients under control. We got the im- 
pression that this occurred after penicillin 
became more readily available for civilian 
use and that a larger number of cases had 
been subjected to inadequate therapy be- 
fore coming under our observation. We 
therefore analyzed our cases as to previous 
penicillin therapy during the course of the 
illness (Table 3). Ten of the patients had 
received previous penicillin therapy, a 
number of them in large doses for a short 
period of time. One other had undergone 
an interrupted course of therapy. All but 
one of these had improved temporarily 
with the initial therapy received elsewhere. 
Of this group 3 died before completion of 
our therapy and 2 other cases never came 
under control. Of the remaining 6, one 
had a drop in temperature in 2 days and 
a negative culture on 30,000 units every 
3 hours, and one became normal in 3 days 
on 40,000 units every 3 hours, a third on 
1,000,000 units daily in S days. But the 
others had fever for 20 to 28 days and the 
average period of fever for the group was 
16^ days, as compared with 8| days for 
those who had received no previous ther- 
apy. In cases previously untreated, cul- 
tures became negative on an average of 
41 days after initiation of therapy, as 
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compared with 11| days in cases that had 
had previous therapy. A conclusion as to 
the significance of this point is not justi- 
fied, but it may be highly significant. No 
explanation has presented itself, since in 
all but one of these cases the organism 
was still sensitive in vitro. 

In this group of 22 cases, 13 had pete- 
chiae on entrance to the hospital. In only 

2 of these did petechiae persist throughout 
treatment, despite freedom from fever and 
negative blood cultures. In these 2 cases, 
cultures became positive 1 or 2 weeks 
after the discontinuance of therapj'. When 
the patients were later subjected to regi- 
mens that were to prove effective, em- 
bolic phenomena did not occur. 

Comment. It is difficult from this series 
to decide upon an optimum dosage of 
penicillin, '\^^len we started the study, 
the quantities utilized obviously gave ade- 
quate blood levels for only a short time, 
yet these cases included our greatest niun- 
ber of successes. On the whole the organ- 
isms were rather sensitive to penicillin, 
and it seemed that adequate levels for 1 
hour out of 3 or 4 was sufficient. This 
follows closely the findings of Bloomfield 
and Halpern®, who were able to control 

3 of 4 cases treated with 4 injections daily 
of 50,000 units each. We agree with these 
authors that very large doses are probably 
unnecessary in the ordinary case. In our 
Cases 11, 12 and 13, however, which were 


refractory, intensive therapy undoubtedly 
was responsible for their arrest. 

The difference in favor of combined 
penicillin and Dicumarol therapy is not 
as significant as it would seem, since after 
the first 4 cases only those that were re- 
sponsive to penicillin received Dicumarol. 
It is especially significant that 3 of the 
most refractory cases which did not re- 
spond to doses of 8,360,000 units, 23,760,- 
000 units and 11,345,000 units of penicillin 
respectively^ when it was combined with 
Dicumarol did later respond to total doses 
of 20,840,000 units, 42,000,000 units and 
52,940,000 units administered without 
Dicumarol. We are, therefore, decidedly 
skeptical that any benefits are to be de- 
rived from anticoagulant therapy, which 
certainly^ carries with it grave hazards in 
subacute bacterial endocarditis. Penicillin 
therapy', however, has given decidedly 
better results than anything previously 
available. 

The need for sensitivity' tests was ap- 
parent from the start, and there was good 
correlation between sensitivity' of the or- 
ganisms and clinical response. In the early 
cases the levels of penicillin in the blood 
Were not obtained Ijecause of the lack of 
technical aid. In our recent cases, how- 
ever, we have been making these deter- 
minations, and they' are of definite value 
in regulating the dosage, especially' in the 
refractory cases. There is no clear cut 


Table 3. — Comparisok of Cases With axd AVithoct Previous Pekicileist Therapv 


NO PREVIOUS THERAPY PREVIOUS THER.\PY 


Ca«c 

Total Dcape 

Day? Alter 

Fir't Nega- 

Ca=c 

Total Dosage 

Daj-? After 

First Nega- 

No 

Units 

R\.-D9’ 

tive Culture 

No 

Units 

Rx -DO'’ 

tive Culturr 

1 

2.500,000 

1 day 

1 day 

4 

G.000,000 

19 days 

2 days 

2 

3,185,000 

14 days 

2 days 

5 

20,200,000 

30 days 

2 days 

3 

G.300,000 

1 day 

1 day 

11 

42,000,000 

18 days 

29 days 

G 

8,535,000 

12 days 

27 days 

13 

20,840,000 

3 days 

2 days 

1 

7.095,000 

2 days 

3 days 

12 

52,914,000 

2 days 

20 days 

S 

4,205,000 

6 days 

4 days 

IG 

26,475,000 

28 days 

17 days 

14 

2,100,000 

18 days 

2 days 





19 

2,000,000 

13 days 

1 day 





15 

5,SGO,000 

2 days 

2 days 





•Vverage 

4.G5S,SSS 

~H days 

4:3 days 


28,071,300 

17 days 

12 days 



Patients 

who died before therapy was 

completed 



17 

810,000 



9 

720,000 



20 

1,250,000 



21 

180.000 







10 

12.805.000 







22 

31,900,000 







IS 

3,420,000 
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evidence that it was more difficult to treat 
patients with ion’g-standing symptoms 
than tliose with more recent symptoms. 
It is probable, however, that the size of 
the vegetation as well as the extent of 
destruction to the lieart valve contributes 
to the refractory nature ^ of some cases. 
Case 20, if she had active lesions at the 
time first seen, emphasizes this point. The 
presence of colonies of organisms in the 
valve in Case 19 likewise brings up a point 
previously noted bj' Bloomfield'. This 
may later be the source of a recurrence, 
or hyalinization and calcification may be- 
come so complete that the focus is walled 
off. 

Summary and Conclusions, Of 22 pa- 
tients with subacute bacterial endocarditis, 
13 received both penicillin and Dicumarol, 
and 9 were given only penicillin. From 
our experience to date, we have acquired 
certain impressions and tentative conclu- 
sions: 

1. Treatment with penicillin alone or 
wliere combined with Dicumarol should 
be persistent for a minimum of C weeks. 


2. This prolonged therapy has given de- 
cidedly better results than anything pre- 
viously employed. 

3. Despite our results favoring com- 
bined therapy, we remain decidedly skep- 
tical that anticoagulant therapy offers any 
advantages and it is unquestionable that 
anticoagulant therapy carries with it grave 
hazards in subacute bacterial endocarditis. 

4. Penicillin therapy for 54 hours after 
removal of a focus of infection is inadequate 
to prevent the development of subacute 
bacterial endocarditis. 

5. It was noted that patients who had 
received distinctly inadequate therapy 
before coming under observation presented 
a more difficult problem as far as control 
was concerned. Five of 7 failures were in 
this group. All but 1 of the inadequately 
treated patients had become subjectively 
and objectively improved under the origi- 
nal penicillin therapy. We raise the ques- 
tion as to the possible great significance of 
this point and although a final conclusion 
regarding it is not justified, it may be im- 
portant. 
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WEINSTEIN: TREATMENT OF DIPHTHERIA AND CARRIER STATE 


THE TREATMENT OF ACUTE DIPHTHERIA AND THE CHRONIC CARRIER 

STATE WITH PENICILLIN*t 

By Louis Weinstein, M.D., Ph.D. 

BOSTON, MASSACHUSETTS 

(From the Haynes Memorial and Evans Memorial. Massachusetts Memorial Hospitals, and the 
Department of Medicine, Boston University School of Medicine) 


Since the introduction of antitoxin by 
Behring,^ no other agent capable of exert- 
ing a specific effect in infections due to 
Corynehaderiutn diphiheriae has been dis- 
covered. The modern treatment of diph- 
theria, therefore, is directed entirely 
towards neutralization of circulating toxin. 
The causative organisms are not affected 
primaril5’^ by the method of treatment in 
use and are eradicated from the focus of 
infection mainly through the activity of 
the normal tissue defense mechanisms. 

The sulfonamides have been found to 
exert little effect against the organism of 
diphtheria. Examination of the in vitro 
susceptibility of C. diphthcriae to penicillin 
by Fleming,®-^ Chain et ah,® Abraham et 
al.,^ and by Herrell*® have shown that this 
bacterium is susceptible to the antibiotic 
agent. Heilman® established fatal infec- 
tions in both guinea pigs and hamsters 
with the gravis strains of C. diphthcriae 
and administered penicillin in quantities 
usually effective against the organisms but 
failed to protect either of these experi- 
mental animals against the infection. 
Four cases of nasal and faucial Klebs- 
Loeffler bacillus infection were treated by 
Turner'® with nasal drops containing 250 
units of penicillin per cc., given every 
3 hours for 4S hours, with the resultant 
clearing of the organism from the mucous 
membrane in 24 hours. 

Twelve patients who had diphtheria 
due to the gravis strain were treated by 
MeSweeney'® with both intramuscular in- 
jections and throat and nasal spray of 


penicillin in doses of 202,500 to 750,000 
units. Four of the individuals died. The 
antibiotic agent was thought to produce 
more rapid subsidence of the faucial edema 
and “bull neck” and to hasten clearing 
of the diphtheritic membrane. Nose and 
throat cultures did not reveal C. diph- 
theriae as long as penicillin spray and nose 
drops were used. The author concluded 
that between 700,000 and 800,000 units 
of penicillin were necessary in the treat- 
ment of Grade 3 and 4 diphtheria. 

In spite of the fact that a large number 
of different agents and procedures have 
been examined for their effect on the 
carrier state in diphtheria, very little 
progress has been made in the develop- 
ment of an efficient method for eradication 
of C. diphthcriae from the noses and throats 
of healthy individuals who harbor them. 
Very little work has been done on the 
treatment of diphtheria carriers with pen- 
icillin, and only 4 reports have been found 
in the literature on this subject. Large 
amounts of penicillin were administered 
intramuscularly to diphtlieria carriers 
from 1 to 2 weeks by Peterson, Nortluop, 
and Herrell.” In a few cases, negative 
cultures were obtained at the time tlie 
antibiotic agent was administered or 
shortly after therapy had been completed. 
“However, there were recurrences." Ber- 
man and Spitz'* treated 10 proven diph- 
theria carriers by the instillation of 1 cc. 
of solution containing 500 units of peni- 
cillin 4 times each day for 5 days, and 


immediately after each nasal instillation, 

* This work was aided by a grant from the Johnson Research Foundation, Now Brunswick, Xcw 
Jersey. 

t Part of the penicillin used in this study was provided by the Office of Scientific Research and De- 
velopment from supplies assignofl by the Committee on ^Iedical Research for clinical invcstiRations 
recommende<l by the Committee on Chemotherapeutic and Other Agents of the Xational Re«earch 
Council. 
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spraying the fauces and the posterior wall 
of the pharynx with 1 cc. of the same solu- 
tion. They reported a reversion to a 
non-carrier state within a period of 5 days. 
Eight of the cases were followed for 4 
weeks and were found to remain free of 
the Klebs-LoeflBer bacilli. 

Treatment with 300,000 units of peni- 
cillin per day by the intramuscular route 
was reported by Kocher and Siemsen^^ to 
be without influence on the diphtheria 
carrier state. When lozenges containing 
500-1,000 units of the antibiotic agent 
were administered to patients hourly for 
12 doses over a period of 3 to 15 days, 
and, in addition, nasal sprays of the drug 
were given every 2 hours, 74% of the 
cases showed eradication of the diphtheria 
bacilli from the nose and throat. Tonsil- 
lectomy produced clearing of the organ- 
isms in those individuals in whom no 
results were obtained with penieillin loz- 
enges and sprays. Pauli, Tucker, Holla- 
day, and Nicewonger'* were unable to 
show any effect on the diphthetia carrier 
state by penkilUn in the nebulized state. 

The purpose of the work reported here 
was to examine the effect of penicillin on 
the clinical course and bacterial flora of 
the nose and throat in acute cases of 
diphtheria, and to determine the value 
of the drug in the chronic diphtheria 
carrier state. 

Methods. All patients admitted to the 
hospital with a diagnosis of acute diph- 
theria or of the carrier state were sub- 
jected to a complete physical e-xamination 
in which special attention was paid to the 
characteristics of any membrane present 
in the nose or pharynx. Cultures of both 
the nasal and pharyngeal mucosa, carried 
out immediately after entry to the hos- 
pital and daily thereafter until the patient 
was discharged from the hospital, were in- 
oculated on heart-infusion-tryptose-yeast- 
blood-agar and tellurite agar. After incu- 
bation for 24 to 48 hours at 37° C., all 
suspicious colonics were stained with eitlier 
Mallory’s acid metliylene-blue, or Loef- 
fler’s ulkaline-raetliylene-blue and exam- 
ined microscopically. In addition, all of 


the strains isolated were typed either in 
our own laboratories or in those of Dr. 
Howard Mueller of the Department of 
Bacteriology of the Harvard Medical 
School. Three times a week, cultures of 
the pharynx and nose were sent to the 
Massachusetts State Department of Health 
for confirmation. All strains of C. diph- 
theriae isolated from carriers were exam- 
ined for virulence, and no case from which 
virulent organisms were not recovered 
was treated. 

Penicillin was administered intramuscu- 
larly in a dose of 15,000 to 30,000 units 
every 3 hours for an average of 12 days 
after the diagnosis of acute diphtheria or 
the carrier state had been established 
bacteriologically; in about one-third of the 
cases, larger amounts of the drug were 
given. All of the patients with acute 
infection received an adequate quantity 
of diphtheria antitoxin. Electrocardio- 
grams were taken frequently and physical 
e.xamination of the heart and nervous 
system carried out daily in order to detect 
the onset of myocarditis or polyneuritis. 
All patients were followed clinically and 
bacteriologically for a minimum of 2 weeks 
after penicillin treatmenthad been stopped; 
in some cases, the follow-up period was as 
long as 2 montlis. 

Results. I. Cases of Acute Diphtheria. 
Thirty-eight cases of diphtheria involving 
various portions of the upper respiratory 
tract were treated with antitoxin alone or 
witli antitoxin plus penicillin. 

Twelve patients were given only diph- 
theria antitoxin. Their ages ranged from 
5 to 43 years (average, 18.5), and they 
had been ill with signs and sjTnptoms of 
diphtheria for from 2 to 8 days before 
admission to the hospital. In 8 of the 
individuals, the disease was confined to 
tlie pharynx, in 1 it involved both the 
nose and pharynx, in 1 the pharynx and 
larynx, and in 2 was limited to the nasal 
mucous membrane. All of the patients 
were found to be infected with the mitis 
strain of C. diphtheriac and were given 
between 5,000 and 60,000 units of diph- 
theria antitoxin intramuscularly and/or 
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intravenously. Eleven had an uncompli- 
cated clinical coiu^e and 1 developed acute 
myocarditis. Studies of the time required 
for the diphtheria organisms to disappear 
from the nose and pharynx revealed that 
in one instance C. diphtheriac was not 
recoverable 5 days after antitoxin had 
been given. In the other 11 cases, between 
17 and 75 days were required for eradica- 
tion of the Klebs-Loefiler organism; in 2 
individuals, the organisms disappeared 
after 18 days, and in 2 after 30 days. 
In 1 instance each, the Corynebacteria 
could be recovered up to the 10th, 17th, 
25th, 47th, 51st, 73rd, and 75th days after 
antitoxin treatment. The average time 
required for disappearance of C. dipli- 
tbcriae in this group of patients was 33.25 
days. 

Twenty-six cases of acute diphtheria 
were treated with penicillin in addition to 
antitoxin. The ages of the individuals in 
this group varied between 2 and 65 years 
(average, 21.4) and they had been ill for 
2 to 11 days (average, 4.75 days) before 
admission to the hospital. Distribution 
of the diphtheritic lesions was as follows: 
In 21, the pharynx alone was involved, in 

2 the pharynx and nose, in 1 the pharynx 
and larymx, and in 2 the pharynx, laryn.x, 
and nose. These patients were all infected 
with the mitis strain of C. diphtheriac and 
received between 20,000 and 80,000 units 
of antitoxin by the intramuscular and/or 
intravenous route (average, 32,000 units); 
in addition, tliey were given varying 
amounts of penicillin. The first three 
cases were treated with 120,000 units of 
penicillin per day for slightly less than 

3 days (total, 330,000 units). Wlien this 
quantity was found to be ineffective, the 
dose was increased to 120,000 to 240,000 
units a day for appro.ximately 12 days. 
Two individuals in this group suffered 
from complications of diphtheria; one, 
who had received only 330,000 unit.*: of 
tlie drug, had severe myocarditis with 
heart failure and peripheral neuritis. 
.Another, who had been given larger quan- 
tities of penicillin, developed polyneuritis 
with strabismus in tiie second week of 


his illness and weakness of all tlie extrem- 
ities and complete areflexia 4 weeks later. 

From 60 to 70 days were required before 
the cultures of the tlwoat and pharynx 
became negative for C. diphtheriac in the 
3 patients who received only 330,000 units 
of penicillin. In the 23 individuals given 
the larger doses of the antibiotie agent, 
the diphtheria bacillus disappeared from 
the nose and throat of 9 in 3 days, of 5 
in 4 days, of 2 in 5 days, of 3 in 1 day, 
and of 1 patient each in 2, 7, 8, and 14 
days, respectivel 3 ^ Negative cultures 
were obtained in 17 of the 23 cases (73.8 7c) 
in 4 days or less. The average time re- 
quired for this group to become free of 
the Klebs-Loeffler bacillus was 3.96 days 
when the 3 cases receiving the smaller 
dose of penicillin were omitted from the 
calculation. 

In order to conserve space, the individ- 
ual histories and detailed data of each case 
have been omitted and the results sum- 
marized in Table 1. 

II. Diphtheria Carriers. Ten individ- 
uals, ranging in age from 2 to 44 years, 
who had been proven carriers of virulent 
diphtheria bacilli for varying periods of 
time and were sent to the hospital because 
of board of health regulations requiring 
their quarantine, received no treatment 
after admission. Cultures of the nose 
and pharynx taken at frequent intervals 
revealed a very slow rate of disappearance 
of the organisms from these 2 sites. In 5 
patients, C. diphthcriae persisted for 19, 
38, 43, 49, and 52 days, respectively. 
Two cases were allowed to leave the hos- 
pital 54 days after admission, at which 
time they still harbored the Klebs-Loeffler 
bacteria. Two children who were siblings 
of a case of acute pharyngeal and laryngeal 
diphtheria were subjected to tonsillectomy 
and adenoidectomy 90 days after they 
had been discovered to be diphtheria 
carriers; 1 week after operation, nose and 
throat cultures were still positive. 

Thirteen chronic carriers of C. diph- 
ihrriar, ranging in age from .3 to 40 years, 
were treated with penicillin. The first 
2 individuals studied received only small 
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amounts of the drug, but thereafter, the 
total quantity administered was in- 
creased to 1,000,000 units or more. When 

120.000 units of the antibiotic agent were 
given every day for 12 days (total, 

1.440.000 units), the time required for the 
Klebs-Loeffler bacilli to disappear was 
between 3 and 30 days, but over 50 % of 
the patients retained the organisms for 
fairly long periods of time. Since this 
amount of penicillin appeared to produce 
only slow clearing of the carrier state, the 
quantity of the drug was increased to 


2 days and could not be demonstrated at 
any time in the following 2 weeks. 

All of the patients were followed clin- 
ically and bacteriologically at frequent 
intervals for a period varying from 8 to 
45 days after penicillin treatment was 
stopped, the cultures being examined in 
2 laboratories simultaneously. . 

The results of treatment of diphtheria 
carriers with penicillin are presented in 
Table 2. 

Discussion. No striking alteration could 
be detected in the clinical course of cases 


Table 1. — Somsiahy of Results Obtained in the Theatment of Diphthehia With Penicillin 


Number of CaBes 
Age 

Locations of Diphtheritic Lesion 


Type of C. diphthoriac 
Dose of Antito.Yin (units) . 

Amount of Penicillin given during 
entire course of treatment (units) 

Complications . 

Time required for disaiipcaranco of C. 
diplitheriac from nose and pharjmx 


Antitoxin — No Penicillin 
12 


Type of Treatment 

Antitoxin Plus Penicillin 
26 


5-43 years 
(Average — 18.5 yrs.) 
Pharj'-nx, 8 
Pharynx and Nose, 1 
Pharynx and Larjmx, 1 
Nose, 2 

All cases — mitia type 
5,000—60,000 
(Average, 40,000) 


2-C5 years 
(Average — 21.5 yrs.) 

Pharynx, 21 
Pharynx and Nose, 2 
Pharynx and Larynx, 1 
PharyiLX, Larynx and Nose, 2 
All cases — mitis type 
20,000-80,000 
(Average, 31,350) 


0 3 cases — 330,000 

23 cases— 1,440,000-2,290.000 

Myocarditis — 1 case Myocarditis and polyneuritis — 1 case 

Polyneuritis — 1 case 


17-75 da 5 ’s 3 cases receiWng 330,000 Units of Pen- 

(Average — 33.25 days) icillin — 60-70 days (Average — 66.6 

days) 

23 cases — 1-14 days 
(Average — 3.96 days) 


240.000 units per day for 12 days. The 
administration of the larger dose resulted 
in the eradication of C. diphthoriac in 
3 to 4 days. 

Two carriers, 1 of whom had received 

1.440.000 units of penicillin in 12 days, 
another 2,760,000 units in 23 days, re- 
mained positive for 45 and 35 days, 
respectively. The first patient was re- 
treated with 3,120,000 units in 12 days 
and showed complete eradication of C. 
diphthoriac from the pharynx and nose in 
3 days. The second individual was given 
the same quantity of penicillin as in the 
first course of treatment i)ut this was 
injected over a jicriod of only 9 days 
instead of the original 23 days. WitJi this 
treatment, the organisms disappeared in 


of acute diphtheria which received peni- 
cillin in addition to antitoxin when com- 
pared with those given antitoxin alone. 
The outstanding difference between the 
2 groups was a marked reduction in the 
time required for the causative organism 
to disappear from the pharynx and nose in 
those treated witli penicillin. Although 
the number of patients studied was too 
small to draw any conclusions concerning 
the effect of penicillin therapy on the 
incidence of complications, the drug 
seemed to be of little value in this respect. 

The time required for C. diphthcriac to 
be eradicated from patients who were 
treated with antitoxin alone varied be- 
tween 17 and 75 days (ai'erage, 33.25 
days), while in those treated with peni- 
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cillin, excluding those receiving less than 
1,000,000 units, it ranged between 1 and 
14 days (average, 3.96 days). 

The question naay be raised as to 
whether 3.96 days may not be within the 
normal time necessary for clearance of 
diphtheria bacilli from infected individ- 
uals treated with antitoxin alone and that 


thought that the rate at which convales- 
cent carriers ceased to harbor organisms 
was a direct function of the number of 
sur\dving positive carriers at any time, 
and that the disappearance of the bacilli 
from the pharynx followed the following 


simple logarithmic law; 


_ log m — log n; 


t; — ti 




Table 2. — SvintARV or Results Obtained ik the Treat.ment op Diphtherla Carriers With 

Pejhcillin 


Name 

Age 

Penidllin 
No. of Days 
Given 

Total Dose- 
Units 

Time Required for 

C. dipbtheriae to 
Disappear from Nose 
and Pharynx (days) 

Follow-Up 

Period 

(daj-s) 

J. V. 

. . 23 

7 

540,000 

9 

10 

w. s 

. . 8 

3 

240,000 

11 

8 

L. M 

. . 2 

13 

1,240,000 

13 

14 

B. K 

. . 30 

14 

1,300,000 

12 

16 

H. F 

. . 9 

13 

1,440,000 

30 

14 

V. M 

. . 3 

14 

1,680,000 

21 

30 

L. L 

. . 40 

9 

1,080,000 

3 

21 

M. W 

. . 22 

12 

1,440,000 

3 

21 

V. M 

. . 13 

12 

1,440,000 

5 

21 

C. L 

. . 10 

12 

2,880,000 

4 

21 

D. G. — First Treatment . 

. . 20 

23 

2,760,000 

23* 

12 

D. G. — Second Treatment 

. . 20 

9 

2,840,000 

2 

14 

J. Q. — First Treatment . 

. . 12 

12 

1,440,000 

12t 

45 

J. Q. — Second Treatment. 

. . 12 

12 

3,120,000 

3 

21 

A. A 

. . 16 

12 

3,120,000 

2 

14 


• Cultures bDcaine negative in 23 days and then became positive again, 
t Cultures became negative in 12 days and then became positive again. 


the average of 33.25 days observed in 
those not receiving penicillin was unusual. 
A review of the literature on this subject 
reveals tliat the data obtained with refer- 
ence to the time of disappearance of C. 
diphthcriac in individuals treated with 
penicillin are probably significant. An- 
drewes, Bulloch et al- state that, in gen- 
eral, a large number of cases of diphtheria 
lose the bacilli within a “few days” of the 
disappearance of the membrane and that 
the remainder gradually develop negative 
cultures; abnormal cases, however, may 
persist as carriers for many months. A 
careful study of the persistence of the 
causative organism in 450 cases of diph- 
theria was made by Hartley and iMartin® 
who found tliat about 75 Tc of the patients 
still harbored the bacteria 7 days after 
admission to the hospital, 67*^ showed 
positive cultures after 10 days, 50% after 
14 d.ays, and 30% after 21 days. It was 


where n, and n. equal the number of indi- 
viduals still carrying the organism at 
times t, and t,. The results obtained indi- 
cated that about 5% of the surviving 
positive convalescents became negative 
each day. 

Weaveri® made a similar study of 500 
cases and found that about 93% still 
carried C. diphtheriae at the end of 7 days, 
72% after 14 days, and 43 % after 21 daj's. 
He concluded that there was approxi- 
mately a 9% decrease in the carrier rate 
each day. 

A study of the rate of disappearance of 
the Klebs-Loeffier bacillus from the nose 
and pharynx of patients with acute diph- 
theria was made by “Wright,*’ who anahT-cd 
liis data on the basis of tv^ie of organisms 
producing the disease. Of indiriduals 
infected with the mitis strains, 50 % were 
still positive after 7 days, 44% after 14 
days, 36% after 21 days, 27% after 2S 
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days, and then gradually decreasing num- 
bers so that after 70 days, 4% still har- 
bored the bacteria. 

When the figures reported by Wright*^ 
are averaged, it is found that about 19.3 
days was the mean time required for C. 
diphtheriae to disappear from the pharynx 
and nose. An analysis of 130 cases of 
diphtheria admitted to the Haynes Me- 
morial Hospital over a period of several 
years and treated only with antitoxin 
revealed that an average of 19.1 days 
elapsed before the organisms disappeared. 
Although the value, 33.25 days, observed 
in the present study, is somewhat high as 
compared with the data present in the 
literature, this may be so because of the 
small number of cases analyzed. It seems 
very probable, however, on the basis of 
the findings of the present study as well 
as those that have been published in the 
literature with respect to patients treated 
with ahtitoxin alone, that the percentage 
of individuals free of diphtheria bacilli 
within 4 days after becoming ill is very 
low. The average time of 3.96 days for 
clearance of C. diphtheriac from patients 
treated with antitoxin and penicillin 
appears to be very significant, therefore, 
and seems to make tenable the conclusion 
that treatment with penicillin is very 
efl'ective in shortening the carrier state in 
the acute stage of diphtheria. 

The investigations reported here did 
not confirm the reports in the literature 
that the chronic diphtheria carrier state 
persists for only about 10 days, or Weaver’s 
observation that about 40% of carriers 
become negative after 7 days, 65% after 
20 days, and 87 % after 40 days. A fairly 
large number of patients who were carriers 
of C. diphtheriac for periods ranging be- 


tween 4 and 5 months were observed in 
the present study; in several instances, 
tonsillectomy did not result in eradication 
of the organisms. In view of these obser- 
vations, the results obtained with peni- 
cillin in the elimination of the chronic 
diphtheria carrier state in 3 to 5 days 
appear very significant, and this type of 
treatment is worthy of further trial. The 
evidence obtained seems to indicate that 
a dosage schedule of 30,000 units of peni- 
cillin intramuscularly every 3 hours for 
12 days is the most effective in the treat- 
ment of permanent diphtheria carriers. 

The value of penicillin in the therapy 
of diphtheria appears to be its ability to 
shorten markedly the duration of the con- 
valescent carrier state. There is no indi- 
cation that penicillin has any beneficial 
effect on the clinical course of the disease, 
and its use does not eliminate the necessity 
of giving adequate quantities of antitoxin. 
The chronic diphtheria carrier state may 
be cured if adequate amounts of penicillin 
are administered parenterally. 

Conclusions. 1. Penicillin has no effect 
on the clinical course of diphtheria, and 
its use in this disease does not eliminate 
the necessity of administering adequate 
amounts of antitoxin. 

2. Penicillin reduces markedly the dura- 
tion of both the convalescent and chronic 
diphtheria carrier states if given in suffi- 
ciently large quantities. 

3. A dose of at least 120,000 and prefer- 
ably 240,000 units of penicillin per day for 
12 days is recommended for the treatment 
of acute diphtheria. 

4. A minimum of 240,000 units of pen- 
icillin per day for 12 days is suggested for 
the treatment of the clu’onic diphtheria 
carrier state. 


The author wishes to express liis appreciation to Dr. J. Howard Mueller of the Harvard Medical 
School and to the Massachusetts State Department of Health for their cooperation in this study. 
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The effects of tetraethylammonium, a 
quaternary ammonium ion, were essenti- 
ally unnoticed until Acheson and Moe^~ 
recently demonstrated in animals that it 
blocks transmission of nerve impulses 
through autonomic ganglia. It is the pur- 
pose of this report to describe the effects 
of such an autonomic blockade in man and 
to indicate the preliminary observations 
of its usefulness as a diagnostic and thera- 
peutic agent in various disease states. 

Pharmacology. Little information has 
been recorded in tbe literature concerning 
the action of the tetraethylammonium ion. 
It was noted® that it was capable of pre- 
venting stimulation of ganglion cells by 
other quaternary ammonium compounds, 
and that it possesses a so-called “paralyz- 
ing nicotinic action.”® Acheson and i\Ioe 
have studied the effects of the drug on the 
isolated dog heart’ and on ganglionic trans- 
mission in dogs and cats,* using as test 
responses the reactions of tlie blood prc.s- 
s»ire, heart rate and nictitating membrane. 

Tetraethylammonium bromide injected 


mgm./Kg. causes a prompt fall of arterial 
pressure in animals. The depressor re- 
sponse is not the result of a direct action 
of the drug on the arteriolar smooth muscle 
since while intravenous doses cause an 
increase in the volume of blood flow 
tlirough the femoral artery, intra-arterial 
injections of comparable doses cause no 
change. The blood pressure response is 
not due to a central action, but does not 
occur in the absence of vasoconstrictor 
tone. Tlie drug causes no further fall of 
pressure after destruction of the medulla 
or section of the cervical cord. However, 
if va.scu]ar tone and blood pressure are 
restored by stimulation of the cervical cord 
distal to the point of transection, tetra- 
ethylammonium again causes a depressor 
response. If blood pressure is maintained 
hy continuous infusion of epinephrine or 
angiotonin, tetraethylammonium causes 
no fall of pressure. Thus the drug does not 
prevent the direct effect of epinephrine, 
and the site of action must therefore be 
assumed to be in tlie sympathetic ganglia. 

To prove that this action is in the gan- 


mtravcnouslv in doses of 0.1 to 10.00 


‘ -Vuli'a by Grants {unn the Life In-uratnv Moilieal Research Inna and from Parke Davis ami Cotnnanv 
1 I rcM-nted Before the Aniencan .'Society for Clinie.al Invcsticatioii. Atlantic City, May 27, HUO. ‘ ' ' 
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glia, the effects of the drug on transmission 
in the stellate ganglia were studied. Heart 
rate responses to ganglionic block would be 
expected to depend upon the existing bal- 
ance between vagal and sjunpathetic tone. 
The drug causes no change in the rate of 
the denervated heart. When vagal tone 
is relatively high, as in animals under 
morphine-chloralose anesthesia, an in- 
crease of heart rate is the usual response 
to tetraethylammonium. Animals under 
dial or barbital anesthesia, in which sym- 
pathetic tone is high, respond with a 
decrease of heart rate. Section of the pre- 
ganglionic stellate connections in such 
animals with a high sympathetic tone 
causes a decrease of heart rate; tetraethyl- 
ammonium will now fail to cause a further 
change. If the heart rate is maintained at 
a high level by repetitive stimulation of 
the 'preganglionic fibers, the drug again 
causes cardiac slowing. If, on the other 
hand, heart rate is maintained by electri- 
cal stimulation of the postganglionic con- 
nections of the stellates, no change in heart 
rate follows injection of tlie drug. The 
site of action is therefore localized in the 
ganglia. 

Similar experiments have been per- 
formed with the vagus nerves, except that 
stimulation of the postganglionic fibers in 
the mammal is not feasible. That the 
vagal blockade produced by the drug is 
ganglionic rather than terminal is suggested 
by the failure of the drug to diminish or 
block the cardiodecelerator or depressor 
effects of injected acetylcholine. 

The ganglionic site of action has also 
been demonstrated in the superior cervical 
ganglion. If a sustained contraction of 
the nictitating membrane of the cat is 
induced by preganglionic stimulation of 
the cervical sympathetic nerve, tetraethyl- 
ammonium causes relaxation of the mem- 
brane. The contraction induced by post- 
ganglionic stimulation is not affected I)y 
the dnig. 

Harge doses of tetraetliylammonium 
cau=c death of experimental animals, ap- 


parentlj’- as a result of central respiratory 
paralysis. There is no curariform paraly- 
sis of muscles;’ death is in fact preceded by 
generalized musele tremors, resulting from 
the direct action of the drug in high con- 
centration on peripheral nerve or striated 
muscle. Local tremors are always appar- 
ent around an intramuscular injection site. 
The LDjq of the bromide salt in mice is 
approximately 75 mg./Kg. intraperitone- 
ally. Dogs have been killed by as little 
as 40 mg./Kg. intramuscularly. 

Effects in IMan. Methods of Admini- 
stration: Tetraethylammonium has been 
administered as the bromide or the chloride 
salt.* These salts are soluble in water 
and withstand autoclaving. They have 
been most satisfactory when administered 
in a 10 % solution. A transient, but appar- 
ently maximal effect may be produced by 
the intravenous injection of as little as 
0.1 gm. Larger doses may cause no greater 
effects, but the duration is more prolonged 
and the effects of the autonomic blockade 
become more apparent. In general 0.2 
gm. to 0.5 gm. have been injected intra- 
venously. The intramuscular dose should 
not exceed 20 mgm./Kg. body weight.^ 
Subcutaneous administration produces con- 
siderable discomfort at the site of the in- 
jection. This is also present to a minimal 
extent after the intramuscular injection, 
since some .patients complain of a mild 
burning or tingling sensation followed by 
residual soreness at the site of injection. 
]More discomfort is experienced with in- 
jections of higher concentration. Though 
the dnig has been administered orally in 
doses of 4 to G gm., it produces very little 
physiological change even in patients who 
respond well to a parenteral injection. It 
is apparently poorly absorbed from the 
gastro-intestinal tract. 

The Effects of Intravenous injedton: 
The intravenous injection produces a 
metallic taste in the mouth in 15 to 20 
seconds. Tliis is followed by a sensation 
of numbness and coldness of the hands 
and feet in about 2.1 to .3.') seconds with 


* by ParVt' nrn! fVjTiip'iny* Detmjt. Mirhipm, lu* Etnmon, in 20 cr. •tonlt* 
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subsequent paresthesia which quickly dis- 
appears. Shortly thereafter there is an 
incomplete dilatation of the pupil and a 
decrease in its reaction to light. There is 
some loss of accommodation. Ptosis of 
the upper eyelids occasionally develops. 
The patient feels “tired,” “relaxed all 
over,” “weak.” Within 30 to 90 seconds 
there is a fall in both systolic and diastolic 
arterial pressures in the majority of pa- 
tients with high arterial pressures and in 
some patients with normal blood pressure, 
(Fig. 1.) At the same time there is usually 
an elevation of the heart rate to between 
90 and 120 beats per minute. Sweating, 
if present, stops. The mouth becomes dry. 
The temperature of the toes and fingers 
usually increases to that of the thigh or to 
about 33° C, The blood flow through the 
hands and feet as measured by the plethys- 
mograph is increased. The systolic and 
diastolic pressures remain depressed for 
several minutes, then gradually increase 
to the initial level. Postural hypotension 
which develops immediately after the in- 
jection of the drug persists after the return 
of the blood pressure to its previous level 
and may last along with dilatation of the 
pupils and increased skin temperature for 
15 to 60 minutes after a single injection. 
Vascular reflexes such as the effects of cold 
are abolished or greatly diminished at the 
height of the effects of the drug. At the 
same time there is cessation of propul- 
sive gastro-intestinal motility so that bar- 
ium in the gastro-intestinal tract may re- 
main in the same position until the effects 
of the drug diminish. The bladder tone 
is diminished and tlie urge to void with 
bladder distention is lost. In spite of the 
fall in blood pressure there is a temporary 
increase in the cardiac output of about 
20% as measured by the 'Starr type of 
ballislocardiograph in normal and in 
hypertensive subjects having essentially 
normal control ballistocardiographic waves. 
Normal subjects and patients with ele- 
vated venous pressures experience a sig- 
nificant decrease in venous pressure. 

Sodiunv nam-aniinohipjiunUo was jretH'rouslv j 
throMKh the courto.sj- of Dr. K.irl Boyer. 


Eifects of Intramuscular Administration: 
The intramuscular injection of 1-2 gm. 
will produce the same effects over a longer 
period of time. The arterial pressure may 
be depressed in hypertensive patients for 
2 to 8 hours, (Fig. 2.) The skin temper- 
ature remains elevated and postural hypo- 
tension may persist over a longer period. 
The bladder aton^-^ becomes sufficiently 
pronounced so that the bladder may rise 
above the pubis, and the patient still has 
no desire to void. The gastro-intestinal 
tract remains quiet for several hours. 
During these effects, however, the patient 
is comfortable though there usually is 
weakness and faintness in the sitting posi- 
tion due to the postural hypotension. 

Effect on Kidney Fxmetion: Though 
pronounced changes in the blood pressure 
may be experienced in patients with hyper- 
tension, there has been no e\'idence of 
impaired kidney function after the intra- 
muscular injections. The urine volume 
is moderately reduced when there is a 
significant fall in arterial pressure. The 
renal blood flow has been measured in six- 
teen patients by the clearance of para- 
aminohippurate.*- In normal subjects and 
in hypertensive subjects in whom moder- 
ate decreases in blood pressure were pro- 
duced, clearance of para-aminohippurate* 
was not significantly changed. The glo- 
merular filtration rate as measured by the 
clearance of sodium thiosulfate^' was dim- 
inished in proportion to the fall in blood 
pressure." In animals with neurogenic 
hypertension, induced by elimination of 
the buffer nerves, the decrease in blood 
pressure resulting from administration of 
the dnig was not associated with any 
change in renal blood flow as measured 
by a flowmeter or by the clearance of para- 
aminohippurate. It would appear likely 
therefore that tetraethylammonium must 
induce in some cases a moderate renal 
vasodilatation since the renal blood flow 
is maintained, as blood pressure falls. 
\ asodilatation is. however, apparently in- 
suflicieni to maintain the renal circ\ilation 

inpHotl by .Sharp .and Doliine. Inc.. GIcnoIden. Pa.’ 
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TIME IN MINUTES 

Fig. 1. — The intravenous administration of .2 gm. tctraethylammonium bromide produced a rise in 
heart rate from 70 to 95 beats per minute, ■ndth a fall in blood pressure from 17o/llG to 110/70 mm. 
Hg. followed by a rapid return to the previous level with continued postural hypotension. 
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during the sudden and profound reduction 
in blood pressure occasionally noticed after 
the intravenous administration of the drug 
in patients with very severe hypertension. 
Under these circumstances there has been 
a pronounced decrease in the renal blood 
flow and also a decrease in the formation 
of urine. This might be expected in pa- 
tients with malignant hypertension where 
the organic renal arteriolar changes may 
be irreversible. It might also be explained 
as a result of peripheral circulatory failure 
which was suggested on some occasions. 

Excretion of Tciraeihylammonium: Tet- 
raethylammonium appears to be almost 
quantitatively excreted in the urine. It 
can be recovered from urine by precipita- 
tion with Reinecke salt as in the determi- 
nation of choline.® About 50 % of the intra- 
venous dose can be recovered in 30 min- 
utes, while in 3 hours 50% of the intra- 
muscular dose appears in the urine in the 
normal subject. Nearly all can be recov- 
ered in 24 hours. With oral administra- 
tion only 6 to 15% can be found in the 
urine in 24 hours, suggesting that it is 
poorly absorbed from the gastro-intestinal 
tract. 

Clinical Effects. It would seem from 
the above observations that the changes 
noted after the administration of tetra- 
etliylammonium are best explained by a 
bloekade of both the parasympathetic and 
sympathetic nervous systems. The find- 
ing in animals of an increase in femoral 
arterial blood flow even in the presence of 
a fall in blood pressure, and the rise in 
peripheral skin temperature and blood 
flow in human subjects suggest obliteration 
of vasoconstrictor tone. 

Peripheral Vascular Disease: The most 
striking clinical application has been in 
patients with arterial insufficiency of the 
extremities associated witiv vasospasm. 
The administration of tetraethyl ammo- 
nium has relieved this vasospasm so that 
even thougii there is a fall in blood pressure 
the skin temperature has increased to tlie 
same degree as that found after spinal 
anesthe.'iia or after lumbarsympathcctoiny. 
(I'ig. 3.) This has also been associated 


with dramatic relief of rest pain or inter- 
mittent claudication in a few cases. The 
vasoconstriction once relieved has, in 
some cases, failed to return. This has 
been especially striking in patients with 
Buerger’s disease who have had contin- 
ued relief of pain and a decrease in the 
inflammatory process following injections 
of the drug. In a few cases with oblitera- 
tive vascular disease, pain has been re- 
lieved even though there was no change in 
skin temperature. The ability of tetra- 
ethylammonium to relieve vasospasm has 
made it a useful diagnostic tool in evaluat- 
ing the role of neurogenic vasoconstriction 
in patients with arterial insufficiency who 
may be selected for lumbar sympathec- 
tomj". It has proven to be as reliable as 
paravertebral block or local nerve block. 

Patients with thrombophlebitis and 
vasospasm have responded well with in- 
crease in skin temperature and, after 
repeated injections, a disappearance of 
the inflammatory process and edema. 
More details concerning its use in periph- 
eral vascular disease has been presented.'’ 

Catisalgia: The drug has also been of 
value in relieving pain in many different 
types of causalgia and in post herpes zoster 
neuralgia. In a feiv instances the pain has 
been permanently abolished. In other 
cases pain has been relieved during the 
action of the drug and has been less severe 
as the effects of the drug disappeared. 
It has served as a useful diagnostic tool 
in the selection of cases of causalgia which 
might be relieved by sympathectomy. 

Hypertension: The production of block- 
ade of the autonomic ganglia is associated 
with a decrease in blood pressure, espe- 
cially in hypertension. In normal subjects 
with initially low diastolic pressures there 
is little change in tlie blood pressure. 
In 143 hypertensive patients there was an 
average fall in diastolic pressure of 193. 
mm. and in systolic pressure of 23.5 mm. 
following injection of the drug. In spite 
of such a fall in blood pressure there has 
been relatively little change in the appear- 
ance of the retinal vessels. 

It may be significant tliat 26 patients 
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■«nth hypertension failed to have a fall in 
blood pressure with a test dose of the 
drug. In the majority of instances we 
have been unable to determine why these 
subjects failed to have the usual depressor 
response. A few of these subjects had 
uremia. Two had only one kidney, but 
most had the clinical diagnosis of essential 
hypertension. In some it is possible that 
epinephrine liberated as a result of appre- 
hension over the injection and the frequent 


ities. The older hypertensive patients 
seem to have a somewhat greater depressor 
response. 

In some patients with malignant hyper- 
tension or with very severe essential hyper- 
tension there has been a profound fall in 
blood pressure followed by circulatory 
collapse. The collapse is accompanied by 
extreme weakness, drowsiness, yawning, 
and is associated with slowing of the heart, 
the development of nausea and, at times. 


“C 



I’lo — The effect of 0 2o gms of tctraethjlanimonuini bromide on the toe temperature of a li>pcr- 
tcnauc patient a hose s,Un temperature had been const.ant in a room of GS° F The patient had no 
c\idence of peripheral \ascular di^caoe. 


blood pressure determinations may have 
been sufficient to prevent the action of the 
drug. It lias been noted that tetraethyl- 
ammonium fails to overcome the pressor 
action of epinephrine. In a few cases 
repeated tests witli an intramuscular in- 
jection were followed by a depressor effect 
alien none had been noted anth the initial 
intraaenous administration of the drug. 

In some patients aith nephritis or in 
patients aith cs'.ential hjT^ertension and 
impaired kidney function the response to 
the dnig a as similar to that found in un- 
cornplicatcrl e^^ential hypertension. A 
similar response has also been noted in 
toxemia of pregnancy. In one case of 
coarctation of tlie aort.i there a as not only 
a signifiaint decrp.u-e in both sy.stolic and 
diastolic pressure, but al-o a pronounced 
increase in skin temperature of the e.vtretn- 


vomiting or temporary loss of conscious- 
ness and profuse perspiration even though 
the blood pressure may have fallen only 
to 150/90. Under the.se circumstances 
tliere is a drastic reduction in renal blood 
floa*. IMost of the patients recover spon- 
taneously from this state adthin a fea 
minutes. In some the subcutaneous ad- 
ministration of epinephrine has promptly 
restored the circulation. 

In a fea’ liypertensive patients adth 
severe nuchal headaches associated adtli 
an elevation of pressure above the usual 
level and adth vertigo, nausea, vomiting, 
or recent impairment of vision, the admin- 
istration of tetraethylammonium has been 
lielpful in relieving these symptoms as well 
.as in decreasing the blood pressure. In 
“^uch ca'cs and in some without symptoms 
the blood pressure failed to return to its 
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previous level after the administration of 
the drug. The decrease in blood pressure 
in these patients was of the same degree 
as that usually found after several days 
of hospital rest. 

In a few patients with dyspnea and 
orthopnea associated with hypertensive 
heart disease and heart failure, the use of 
the drug was followed by a decrease in 
the severity of the symptoms. One patient 
with severe orthopnea, in spite of con- 
tinued hospital treatment, was complete- 
ly relieved for as long as twelve hours. 
Patients with nephritis and uremia as 
well as orthopnea were not relieved of 
their symptoms. 

The decrease in blood pressure noted 
after such an autonomic blockade might 
suggest that it would be useful in the 
selection of hypertensive cases for sympa- 
thectomy. The blood pressure response 
to intravenous or intramuscular adminis- 
tration of tetraethylammonium has been 
recorded preoperatively in 51 patients 
subjected to supradiaphragmatic splanch- 
nicectomy. At present an insufficient 
time has elapsed for the evaluation of the 
postoperative results. The blood pressure 
two weeks after the operation was some- 
what similar to that found during the 
administration of the drug. In 13 cases 
the diastolic pressure failed to fall below 
110 with the drug and in 11 of these cases 
it continued to be above 110 after the 
operation. In 3S cases the blood pressure 
fell to 110 or below with the drug and was 
found to be 110 or below in 28 cases two 
weeks after operation. In general there 
was a greater fall in blood pressure with 
the drug than that experienced two weeks 
after supradiaphragmatic .splanchnicec- 
lomy. But a linear correlation of tliis 
relationship has been unsatisfactory up 
to the present time. This is to be ex- 
pected, of course, since the sympathetic 
control of the extremities is not altered by 
this type of operation. The diastolic 
pressure two weeks after the operation 
represents, in general, the maximal effect 
of the procedure in lowering the blood 
prci^surc. An average increase in diastolic 

’tc’i*. 2^0, Ko. 3— WAjicn. 1947 


pressure in the next year of about 15 mm. 
of mercury can be expected. 

Attempts have been made to maintain 
the blood pressure at a lower level by' 
continuing the autonomic blockade with 
repeated intramuscular injections. This 
has caused moderate discomfort to the 
patient. When the drug was discontinued 
the blood pressure returned to its previous 
level. 

Coronary Artery Disease: The possi- 
bility of the development of coronary 
ischemia and angina pectoris as a result 
of the sudden decrease in blood pressure 
in hypertensive patients was considered, 
but it has not been observed. In fact, the 
intravenous administration of the drug in 
2 cases has dramatically relieved the pain 
of acute myocardial infarction in the 
presence of a significant fall in the blood 
pressure wdthout the development of 
further changes in the electrocardiogram. 
Similar observations have been made in a 
few patients with angina pectoris at rest in 
whom no pain or change in the electro- 
cardiogram developed with transient de- 
creases in the blood pressure in one case 
from 170/110 to 60/40. 

Though tetraethylammonium has re- 
lieved the pain of acute coronary throm- 
bosis or angina pectoris, we do not have 
sufficient information at present to explain 
this action. It would not seem advisable 
to use it for this purpose until more details 
are available concerning its action on the 
coronary arteries in the presence of a fall 
in arterial pressure. 

Gasfro-Inteslinal Tract: The cessation 
of gastro-intestinal motility observed flu- 
oroscopically with the barium meal is also 
apparent clinically. In patients wdth pain 
resulting from a peptic ulcer the adminis- 
tration of the drug is followed by immedi- 
ate relief of the pain and by a decrease in 
peristaltic sounds. (Fig. 2.) As the effects 
of the drug wear off pain returns and peris- 
talsis may even be more rapid. In a sim- 
ilar manner abdomijial cramps and diar- 
rhea may be temporarily abolished by the 
administration of tetraethylammonium. 
It not only produces a cessation of gastro- 
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intestinal motilit}' but also has signifi- 
cantly decreased the acidity and the volume 
of gastric juice in an unstimulated stom- 
ach. However, it does not alter the effect 
of histamine on gastric secretion. 

Though it has favorably altered head- 
aches in hj-pcrtensive patients, no effect 
has been noted in a few so-called migraine 
headaches. It has no analgesic effects on 
the usual types of somatic pain. A trial 
of the drug in eight patients with dys- 
menorrhea has not been successful in 
relieving the pain which suggests that the 
mechanism of pain is different from the 
muscle cramps of the gastro-intestinal 
tract. 

Toxic Effects. Though tlie drug has 
been administered over 1000 times to more 
than 400 cases, very few serious effects 
have been noted. In a few hypertensive 
patients and those with generalized arterio- 
sclerosis, there has been a severe fall in 
blood pressure associated with other evi- 
dence of peripheral circulatory collapse. 
The drug should be used cautiously in 
severe hypertension particularly when 
renal function is poor. In 4 subjects the 
e.vtravasciilar injection of the drug in the 
antccubital fossa was associated with .a 
flexor spasm which persisted for only a 
few hours and was apparently the result 
of local action of tlie drug on the nerve 
tmnks. Four female subjects who re- 
ceived large doses of the drug developed 
a sudden onset of hyperventilation similar 
in many respects to hysterical hj-perventi- 
lation with a further rise in pulse rate and 
blood pressure. They complained of diffi- 
culty with inspirations, po.'sibiy related to 
retention and drying of the bronchial 
secretion. This quickly subsidctl with no 
ill cffcct-s. In general, intravenous or intra- 
nmscular injections produce little change 
in respir.itory excursions. 5?oinc have had 
an incretise in rcspinitory rate for a few 
moments immtaliatcly after the intraven- 
ous injections. Respirations, of course, 
}>ccoinc very slow in thos^- patients who 
developed p'riphiTal drculatorx' collapse. 

i^im*' pati'^nts conq'lnineil of fh>phacia 
which was a-'oci.itffl with profound dry- 


ness of the mouth, making it difficult to 
swallow. 

In a few patients, the sensation of weak- 
ness and fatigue and light headedness was 
very pronounced; they appeared to e.x- 
perience difficulty with muscle movement 
though when tested there was no loss of 
strength or change in the muscle reflexes. 
The sensation is associated with dulling 
of the sensorium so that integration of 
movement is somewhat more difficult; 
speech is slowed but not impaired except 
by the very dry mouth. The patients 
have trouble explaining the sensation. 
This was experienced more often after 
repeated injections at short intervals or 
after large doses and occurred at times 
Avithont a fall in blood pressure. The 
explanation of this apparent weakness is 
not clear, but it seems likely that it is of 
central origin. In animals depressor doses 
of the drug may increase the muscular 
response to electrical stimulation of the 
nerve; curariform action on muscles has 
been noted only after very large intra- 
arterial injections of the drug.’ In some 
small patients who have received rapid 
intravenous injections of 0.5 gm. or more 
and in obese patients given large intra- 
muscular injections, muscle tremors have 
been noted a few minutes after the injec- 
tion. These are irregular in character, 
and usually quite transient. The patients 
describe it as a rigor similar to a chili 
though they are not cold. 

Repeated intramuscular injections with 
resulting continued autonomic blockade 
produces a variety of complaints. Tlw 
inability to void or to defecate at times 
alarms the patients. The loss of accom- 
modation limits the patients’ alality to 
rca<i. The dry mouth is annoying. M»n>’ 
patients have a Io^^s of ap{)ctitc and m 
some a sensation of nausea. The postural 
hypotension is sufficiently severe so that 
the patient must remain supine, i^rne 
wlio f)ave attempted to stand have, o. 
course, felt very faint or have collajr'cd. 
In ceneral continuation of the aiitonoiiuc 
fdockarle longer than .30 hours has c-au’"! 
con=ideraf»le dbtre..>s to the patient. 
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Conclusions. 1. Tetraethylammonium 
administered to man in doses of 0.2 to 0.5 
gm. intravenously or up to 20 mg./Kg. 
intramuscularly produces aseries of changes 
which are best explained by blockade of 
the autonomic ganglia. 

2. The effects on the cardiovascular 
system are primarily the result of the 
release of vasoconstrictor tone; there is 
an increase in skin temperature, a transient 
fall in both systolic and diastolic pressure, 
postural hypotension, a fall in peripheral 
venous pressure and an increase in heart 
rate and cardiac output. These effects 
have been applied clinically in peripheral 
vasoconstrictive states, in relief of pain 
due to ischemia, in the relief of vasospasm, 
and as a diagnostic procedure. 

3. It produces a cessation of normal 
peristalsis in the gastro-intestinal tract 
and a diminution in gastric secretion. 
This has been applied clinically for the 
relief of pain and increased motility of the 
gastro-intestinal tract. There is also a 
decrease in salivary secretion, cessation of 
SAveating, incomplete dilatation of the 


pupil with loss of accommodation. The 
tone of the urinary bladder decreases and 
the urge to void is abolished. 

4. There has been significant relief of 
pain in causalgic states, which in a few 
instances failed to return after the immedi- 
ate effects of the drug had disappeared. 

5. Toxic effects have been chiefly due 
to the ganglionic blocking action of the 
drug. 

6. Tetraethylammonium is a useful tool 
for the further study of disorders affecting 
the autonomic system. 

7. It is helpful in the selection of 
patients in whom surgerj^ on the auto- 
nomic nervous system is to be considered. 

8. In selected cases the use of the drug 
may be of therapeutic as well as diagnostic 
value, especially in peripheral vascular 
and causalgic states. 

9. Though it will produce a transient 
fall in arterial pressure and has relieved 
symptoms of the complications of hyper- 
tension in a few instances, treatment of 
hypertension by repeated use of the drug 
does not appear feasible. 
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The syndrome associated with tumors 
of the adult chromaffin cells of the adrenal 
medulla is well-known and e.ycellent sum- 
maries-'®'” of the literature on this con- 
dition are available. However, the data 
pertaining to the important matter of 
loss of sensitivit}' to epinephrine in such 
cases are e.vtremely meager. The effects 
of small doses (0.5-1.25 cc.) of 1:1000 epi- 
nephrine have been studied by other inves- 
tigators.'*''-'®’”-*®'’®-’^ No attacks followed, 
and few other data were reported. In 
none of these instances were the doses of 
epinephrine increased to the maximal 
level employed in the case we Msh to 
report. We administered increasing doses 
of epinephrine both while the tumor was 
present and after its removal. Our results 
showefl that the patient was definitely 
hyposensitive to epinephrine action while 
the tumor was present; this hj'posensi- 
tivity dis.appcared after its extirpation. 
We also studied the patient’s response 
to tlie administration of acctyl-/3-mcthyl 
choline, and amyl nitrite, took clcctro- 
cardiognims an<i ballistocardiograms be- 
fore, during, and after attacks; determined 
changes in many of the chemical con.stitu- 
enlsof the blood; assayed the epinephrine 
content of the tumor; me.a.surcd the urin- 
:iry epinephrine; <Ictcnnincd the amount 
of choline esterase in the bloorl, and 
measurcf! mu<cle pot.assium content. 

Coo- UeptiH. J. G. w.as a 42-year-o!d 
white m.ilf' wh.o wa' well until 2]'< j'cars 
liefore aibn!=':on to thi- Ilo^pit.al, at which 
tirn>' he fiegari to h;ive att.aeks fif palpit.ation 
(a slow, lard heart headach.e, pain in 

th.e epi;-'..-;ri'irn. p* .•^pir.atinr!. Lacrim.ation, 
ar.'i ialiv.ntio-,. Ilaeh .af'.act; from 


30 minutes to 2 hours and while they occurred 
irregularlj" at first, about one year before 
admission the frequency increased until they 
were occurring from 1 to 16 times a day. 
In the more severe attacks, nausea and vom- 
iting witli back pain were present, and wiien 
the attacks were wearing off a feeling of 
swelling in the neck was frequently experi- 
enced with actual increase in neck size due 
to venous engorgement. These episodes were 
often brought on bj' physical exercise or 
changes in position such as lying domi. 

On phj'sical examination there were no 
abnormalities save a few pigmented naevi 
from 2 to 5 mm. in diameter which were 
scattered over his trunk. His blood pressure 
on first examination was 130/80; blood press- 
ure changes during a typical attack may he 
seen in Figure 1. 

Numerous attacks were witnessed during 
his hospital stay. The initial phenomenon 
was a slow, forceful, and often irregular boat 
seen over all of the major superficial arteries. 
The e.xtrcmities were then noted to be 
blanched and cold, and the patient began to 
perspire slightly. Distention of the small 
and deep veins of the neck became incrc.as- 
ingly prominent ns the attack progressed, 
while venipuncture of the forearm veins 
became di/RcuH due to spasm. In the more 
severe attacks epigastric pain developed wilii 
nausea and vomiting. Salivation and lacir 
mation wore seen early but soon disaptyared. 
After the first pha.=o of cardiac .dowing to 
about 00 beats per minute the heart rate 
incrcA=ed. No changes in the mc.asurcment5 
of the pupil.s occurred. Swelling of the 
was obriou= long after all other .'ign' I’-’-d 
di-appo.ared. 

llotitine .Ktudie« were .as follow.': a cfiri:- 
plete blo-'id count, urin.ah’sb, Kolni'.-r an'- 
Klino rr.artio;!, and rlKsf film, .all '•'.•itls v. • 
abnorm.alitir-s. Tim basal rfi''f.alFi!i'’ r.at'‘ 
w.A« -t-S jvrrt'nt. Tlir-v.'iluf-ifortlm lOU-gm 
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5-hour glucose tolerance test were: fasting 
75, 1 hour 224, 2 hours 73, 3 hours 54, 4 hours 
63, 5 hours 83 mgm/100 ml. Blood sugar 
values during an attack showed no striking 
rise (see Figure 1). 

The intravenous urogram was reported as 
showing a slight lateral and downward dis- 
placement of the superior pole of the right 
kidney. In some of the films a vague, rounded 
mass could be seen medially and superior to 
the right kidney. Perirenal air insufflation 
was not attempted because of its potential 
dangers. 

On September 13, 1945, the patient was 
operated upon by Dr. Jonathan Rhoads of 
the Surgical Service of the University Hos- 
pital through a right rectus incision under 
endotracheal cyclopropane anesthesia. The 
approach through the right side was chosen 
because of the suggestive findmgs in the 
urogram. A tumor of about the size of a 
tennis ball was found in the region of the 
right adrenal, while palpation of the left 
adrenal area revealed nothing abnormal. 
The tumor was quite adherent to adjacent 
structures and during the operation the cap- 
sule was torn, necessitating piecemeal re- 
moval. At one point during the operation 
the blood pressure rose to 320/160 and the 
. pulse to 180, but on the whole the patient 
withstood the operation quite well. T^e 
blood pressure was well maintained after 
operation and, while no e^’idence of adrenal 
cortical failure developed, desoxycorticoster- 
onc was given prophylacticallJ^ Convales- 
cence was uneventful. On examination five 
months later no complications or evidence 
of recurrence had developed. 

Pathological report by Dr. R. C, Horn 
was as follows; "The tumor is highly 
cellular, having little stroma, composed 
almost entirely of delicate, but often large, 
capillaries. The tumor cells uniformly are 
large and more or less rectangular. The 
nuclei vary moderately in size but are 
usually ovoid and vesicular with a small 
nucleolus. The cells are arranged in 
clusters or in undulating cords with their 
long sides parallel. They show a striking 
tendency to be arranged perpendicularly, 
along or about blood vessels. The cyto- 
plasm is usually stippled with fine granules 
which are blue in hematoxylin and cosin 
stains and brownish red in Trichromc prep- 
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arations. There is considerable hemor- 
rhage but in general the tumor is well 
preserved. The morphology is that of 
endocrine gland tumors in general and 
coincides with the usual pheochromocy- 
toma or adrenal paraganglioma. Most of 
these tumors are benign and it is likely 
that this one is also. However, occasional 
bizarre, gigantic tumor cells and mitotic 
figures are present and tumor cells are 
seen in a few blood vessels. This latter 
finding may be without significance. 
Nevertheless, malignancy must be con- 
sidered as a possibility, although unlikely. 
The skin lesion is a mole showing little 
pigmentation.” 

The total weight of the tumor was 42.8 
gm. Except for the small samples taken 
for pathological studies, the pieces of 
tumor were immediately frozen in dry ice 
and sent to Dr. Carl Beyer of the Sharp 
and Dohme Laboratories and assayed for 
epinephrine content. The tumor contained 
76.5 mg. of free epinephrine by the col- 
orimetric method of Beyer and Shapiro.^ 
No conjugated epinephrine was found. 

At the time of operation a small piece 
of rectus muscle was removed and later 
analyzed for potassium content. This was 
found to be 172.0 m.Eq/Kgm. of wet 
muscle. According to Fenn’s® review of 
the literature, the normal values for 
muscle potassium found in humans by 
Katz and others was 82 m.Eq/Kgm. of 
wet muscle. 

Studies of the Attacks. As part cf 
our study, an attempt was made to dis- 
cover what stimuli were effective in pro- 
ducing an attack. The patient stated that 
emotion was not a factor. Injections of 
sterile water given before each testing 
were found to be ineffectual. Exercise or 
postural changes sucli as lying down usu- 
ally produced attacks as described pre- 
viously. Tj’pical attacks were easily 
produced by having the patient bend and 
twist his waist or by pressing his knees 
into his abdomen. IManual massage of 
the adrenal area proved ineffectual. 

The patient was given 10 mg. of acetyl- 
^-methyl choline subcutaneously to deter- 
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iniiH' whctlu'r this (lr\i}; woiild (‘inise fiinc- luiimint wiis increased to 1.0 tv. ainl J,.a cc. 
lional stiinuliitlnn {»f llie tumor. Tlio ofToct with no dctoctahlc rc.sult (-.vrept the iLsiuil 
of tlic ndiniiii.stration of thi.s driit: was j)i!omotor re.sjnxi.se at the .site of injection, 
very dramatic, for, in addition to the u.siial When 2.0 re. were ttiven, a .slight rise in 
acclyl-clioline like effects, tlu; j)atienl liad hlood i>re.‘,siire oeeurred (to J02/9S) lait 
one of his most .severe attacks. .Atropine no symptoms were e.vjicrienced. However, 
HVfS not c'tvon to roiititcntct the luvtyl- 2.0 ee. gave it tiUini} pre.-i‘<itre rbc to 
elmlinc clfcets, for it was fean-d that 220/1 M atid the patient noted the .syinp- 
aholisliing llie depre.ssant effects of the toms that tisnally oeeurred witli a mild 
vagus on tlic lieart might cause a dis.as- attaek. 

trotis increment of hlood jtre.-'Snre. It was 'I'lie inhidation of a perfe of amyl nitrite 
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Fio. 1. — Variations in blood pressure and blood suRnr concentration during nn attack induced by 

exercise. 

not deemed advistible to repciit the injee- wjts nc.xt tried in order to determine 
tion of acetyl-^-mcthyl clioline becjiusc of whether the resulting fall in blood pressure 
the severity of the reaction. common to this compound and aeetyl-^- 

The effects of epineplirine were next methyl choline was a factor in producing 
studied (Figure 2). The solution used was an attack. Flushing, headache, and a fall 
first compared with the U. S. P. stiindard in blood pressure of 40 mm. of mercury 
epineplmine by Dr. H. D. Bruner of the resulted, but no attack occurred. 
Department of Pharmacology, and found Electrocardiograms were taken before, 
to be of standard strength. The same and 4, and 15 minutes after the onset of 
solution was used tlwoughout all tests. an attack. Tlie standard limb leads were 
When 0.5 cc. of 1 :1000 epinephrine was taken and in addition CR2, CR3, CR4, 
given subcutaneously, no discernible effect and CR5 leads. When no attack was 
on the patient or change in his blood present, the most striking clianges were 
pressure was noted even after vigorous inversions of T-waves in I, II, and CR5, 
massage of the site of injection. The with low or flat T-waves in III, CR2 and 
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CR4. Four minutes after the onset of an 
attack, A-V nodal rhythm was present 
with a rate of 65 and the previously low 
or inverted T-waves were now elevated 
to normal or slightly above normal heights. 
Fifteen minutes after the onset of the 
attack the electrocardiograms had re- 
turned to the same form they showed 
before the attack. 

Ballistocardiograms^ were taken when 
no attack was present and at repeated 
intervals after an attack had been induced. 
The form of the records was normal when 
no attack was present, but the cardiac 
output was 52% above average normal. 
Four minutes after the onset of an attack, 
the form of the record was completely 
confused, and the amplitude relatively 
small. As recovery took place, the record 
gradually returned toward normal, but 
the form was now of the “late down-stroke 
type.” This abnormality is characterized 
by a small I wave, often notched, and a 
prominent K-wave; these abnormal forms 
are frequently seen in patients with severe 
circulatory abnormalities. The results of 
additional studies are summarized in 
Table 1. 


Postoperative Studies. Manipulation 
which had caused attacks before operation 
failed to do so after it. Ten mg. acetyl- 
^-methyl choline produced its usual re- 
sponse but no attack ensued. A most 
striking change was noted in the patient’s 
reaction to epinephrine (Figure 2). After 
the injection of 0.25 cc. of 1:1000 epi- 
nephrine subcutaneously, a definite rise 
in blood pressure to 172/98 occurred with 
all of the previous symptoms of a typical 
attack. This time, however, he com- 
plained of nervousness which he had never 
experienced before even during his worst 
episodes. "When the amount of epineph- 
rine was increased to 0.5 cc. and 1.0 cc., a 
correspondingly greater rise of blood 
pressure and more severe symptoms 
occurred. 

One month after operation the electro- 
cardiograms were almost entirely normal, 
the only persisting deviation being a slight 
flattening of the T-waves in the limb leads. 
After the injection of 0.25 cc. of 1:1000 
epinephi’ine subcutaneously, a tachycardia 
occurred with the development of flatten- 
ing of the T-waves in all leads. 

The ballistocardiogram one month after 


TAniiU 1 . — Results or Vaiuous Analyses In and Out of Attacks 



Normal 

No Attack 

23 Minutes 
after Onset 
of Severe 


Range 

Present 

Attack 

Scrum C.alcium mg./lOO ml. . 

9-11 

9.5 


Serum Magnesium m.Eq/100 ml. 

1 8-2.2 

1.9 


•Serum Cholesterol mg./lOO ml. . 

150-190 

291 


Serum CO; vol./lOO ml. . 

50-71 

61 

50 

Serum Chloride m.Eq/100 ml. . 

9S. 5-104 5 

99. S 

100 

Senim Protein gm./lOO ml. . 

5 9-7 0 

5.6 

5.9 

Serum Total Base m.Eq/100 ml. 

142-149 

153. S 

I'enim Potassium m.Eq/100 ml. 

3.S-1.3 

5.0 

2.9 

yonim Urea Nitrogen mg./lOO ml. 

22-29 

20 


i^er\im Volume ml. (T 1S2-1) . 

2000db 

2400 


EYtr.aecllular Fluid Per cent Body Weight 
(Thiopyanatc) 

20-2S 

27.3 


Water Excretion Tost. A Value 
(Robinson. Power, Kepler) 

2.5 -f" 

4 


Uriuar>' 17 koto steroids mg./21 hour 
(Zimmerman) 

12-19 

6.1 


Lrinary Conjugated Epinephrine mg./lOO cc. 

0 

0 

13 

0.45* 

Plasma Cludine Estemset 
(micro mols of CO;/30 min.) 

10-18 

Red Cell Choline Esterasot 
(micro moE of CO; '30 min.) 

9-13 

10.2 



In lOa cc, urine collected durinR attack, 
t Bodansky's modification of .Vmmon's method. 
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:i2S 

operation was iionnai in form, hut the 
cardiac output ha<l increased to 
Five months after operation, the cardiac 
output was still +43 ',7. At this time the 
response of his circidation to 0.5 ee. of 
epinephrine given sul)eutnneou.s!y was the 
usual one seen, an increase in cardiac 
output of 40','' above the hasc line value. 

Commrnl. Although emotion did not 
produce attacks in our patient, other 


producing iiii attack is uncertain. The 
cvent.s may liavc been coincidental or 
they may have been secondary to massage 
of the gland by diaphragmatic action or 
changes in intra-abdominal tension. Kvale 
and Hoth'* found 2 mg. of acetyl-^-raetbyl 
choline inefTcctivc in producing an attack 
in their patient, but did produce repeated 
attacks in 3 patients by the use of intra- 
venous histamine. 



Fia. 2. — EfTcct of vnrj’inc floie.-i of epinephrine on blood pre^.-nirc (n) l)ofore nnd (b) 5 months after 

reniov.al of phcochrotnocytoinn. 


observers*® Imve reported that emotion 
did serve as an’ inciting factor. Since a 
lack of physiologictd rapport with the rest 
of the body is one of the characteristics 
of all tumors, one wonders whether the 
attacks reported after emotional upset 
were due primarily' to nervous stimulation 
of the tumor, or were instead secondary to 
pressure on the tumor. These tumors arc 
usually directly under the diaphragm 
where they would tend to be compressed 
by the sudden deep inspirations of tlie 
changes in intra-abdominal tension conse- 
quent to excitement. Postural changes 
undoubtedly work through tliis same 
mechanism. 

The reason for the effectiveness of the 
10-mg. dose of acetyl-/3-methyl choline in 


The postoperative increase in sensitivity 
to epinephrine in our patient was quite 
striking (Figure 2). As may* be seen by 
the grapli, 0.25 cc. of epineplirine given 
after operation produced a higlier blood 
pressure rise than did 2.0 cc. before oper- 
ation. It should be noted, however, that 
the rise in blood pressure was more sus- 
tained with the larger amount. 

Although some pliarmacologists®'*' do 
not believe that tolerance is developed to 
epinephrine, it is a well-known clinical fact 
that ‘‘fastness” to epinephrine occurs in 
asthmatics receiving large doses over a 
long period of time. The development of 
tolerance to epinephrine could perhaps be 
more reasonably' anticipated in patients 
with functioning tumors of the adrenal 
medulla than in any other group, especially 
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if the tumor had been active for a long 
time. Stxombeck and Hedbetg ” using a 
a colorimetric method, reported that the 
blood epinephrine levels were 30 times 
normal in a patient with pheochromocy- 
toma when no attack was present and the 
blood pressure was normal. Beer et 
using a rabbit ear perfusion, claimed evi- 
dence of increased vasoconstrictor action 
in blood draw from his patient during 
an attack. These observations, together 
with the rapid fall in blood pressure which 
often occurs immediately after the removal 
of such tumors or even after interruption 
of their venous circulation, suggest that 
the normal pressor mechanism may un- 
dergo some type of compensatory adjust- 
ment to the constant or intermittent 
presence of large amounts of epinephrine 
in the blood stream. 

The phenomenon of epinephrine resist- 
ance, if constant, should be of use clinically 
and might constitute a relatively harmless 
test for functioning adrenal medullary 
tumors. Since these tumors are so rare, 
it is impossible for any one group of in- 
vestigators to collect more than a few 
cases, so experience must be built up 
slowly. 

The electrocardiographic changes de- 
scribed by us have been reported by other 
observers^' in cases of pheochromo- 
cytoma. The nodal rhythm is best ex- 
plained as a vagal phenomenon since other 
evidences of a parasympathetic discharge 
in the form of salivation, lacrimation, and 
perspiration were present. Elevation of 
the T-wavcs during the attack is, as far 
as we know, unexplained, and is the 
reverse of what might be expected to 
result from the fall in serum potassium 
concentration observed during an attack. 
The depression of the T-waves by epi- 
nephrine after operation in spite of a 
blood pressure rise suggests that the 
phenomenon is not due to the epinephrine 


alone, but some other factor must be 
pr^ent. 

The ballistocardiographic abnormalities 
which developed during attacks were those 
which might have been expected with a 
heart working under heavy strain. After 
operation, the patient’s temporary increase 
in cardiac output from -f-52% to -{-85% 
suggests an over-compensation of the 
heart after recovery from the strain of 
maintaining the repeated bouts of hyper- 
tension. Five months after operation, the 
cardiac output was once more near the 
preoperative level, -{-43 %. 

In our chemical analyses, w'e were able 
to confirm the findings of MacKeith,'’ 
that the serum potassium was elevated. 
This was only true when no attack was 
present, the value being significantly 
below normal during an attack. Another 
feature was the increase in muscle potas- 
sium to over twice the values given in the 
literature. These evidences of disturb- 
ances in potassium metabolism are quite 
striking and should be investigated in 
other cases. The serum changes may be 
of aid in recognizing the disease. The 
significance of these changes is still un- 
certain, but they suggest the possibility 
of intermittent variations in adrenal cor- 
tical function. This possibility is further 
supported by the decrease in urinary 17- 
keto-steroid excretion and the low A 
value in the water excretion test, although 
the patient did not present symptoms 
suggesting adrenal cortical failure- 

Summary. 1. Insensitivity to epineph- 
rine was demonstrated in a patient with 
a functioning tumor of the adrenal medulla. 

2. A return of normal sensitivity to 
epinephrine followed surgical removal of 
the tumor. 

3. The suggestion is made that the 
demonstration of such insensitivity may 
serve as a useful and harmless test for the 
diagnosis of such tumors. 


nr n Dr. Joseph Aspcl for thaopportanifj- of studyinR our patient. We wish to thank 

tions fo Com^. and Dr. H. D. Bmncr for valuable contribu- 

t ons to m r dat.a. Dr. Isaac Sf.arr coutnbiitcd supKcstions and reviewed the ballistocardiotrram- Our 
eleetmranhoKrams were reviewed by Dr. C. C. Wolforth. ^ 
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INCREASED REACTIVITY CAUSED BY ADRENALIN 
By D. Ewen Cameron, M.D. 

TROrKSSOR or PSYCHIATRY, ItcGIRH UNIVERSITY, MONTREAU 


The action of prolonged administration 
of adrenalin in reducing the reactivity to 
the drug has already been reported (Cara- 
erorf®). 

We have now observed instances in 
which the administration of adrenalin may 
have the reverse effect, namely, it may 
increase the reactivity of the individual 
to the drug. This communication con- 
sists in a report of such instances and an 
attempt to evaluate the light which they 
throw upon the development of the chronic 
tensional amciety states. The phenomena 
observed fall into 3 groups; (a) Head and 
neck aches, (b) Increased cardiovascular 
activity, and (c) Venous phenomena. 

Head and Neck Aches. Very severe 
headaches were noted in patients who 
were receiving intravenous and intra- 
muscular adrenalin therapeutically. These 
patients were suffering from various de- 
grees of tensional anxiety state and were 
being treated with injections of adrenalin 
which varied from .001 mg. to .09 mg. 
intravenously and from .4 mg. to 2.0 mg. 
intramuscularly (Cameron^®). Out of 42 
patients receiving these injections over 
periods which ranged from 3 months to 

2 years, 7 developed severe headaches: 

3 patients had headaches on one occasion 
only, 2 patients experienced these head- 
aches on 2 occasions, 1 on 6 occasions and 
1 on numerous occasions over a period of 
43 days. 

Location. An outstanding feature of 
tlicse headaches was their location. With- 
out exception they involved the occiput 
and the back of the neck, extending, in 
several instances, in the form of an aching 
sensation as far down as the first dorsal 
vertebra. In 2 patients other areas Avere 
involved as avcII. One patient stated that 
thc^ headache commenced in the frontal 
region, then was experienced primarily in 
the right side, but within one-half hour 


was complained of principally in the occi- 
put and neck areas. One patient com- 
plained of aching in the left temporal 
region, as well as tlie occiput and neck. 

Preliminary comment may be made of 
the occurrence of aching of the neck and 
occipital headaches in patients suffering 
from tensional anxiety states (Wolff,® 
Cameron*). 

Description. The headaches were in- 
variably sudden in their onset, reaching 
full intensity within J to 1 minute after 
intravenous injection and within 4 to 5 
minutes after intramuscular injection. 
In all cases the headache was primarily 
throbbing in nature; in 1 case it started 
as an ache but became throbbing within 
20 minutes. The intensity was consider- 
able, the patients looking alarmed and 
remaining motionless. In most instances 
there was an extension to the neck in the 
form of an aching stiffness and some pain 
on movement. 

As to duration, apart from one mild 
headache ivhich disappeared in 50 seconds, 
all the others lasted for periods ranging 
from 30 minutes to 8 days. The longer 
headaches persisted primarily in the form 
of an aching of the neck. 

Relation to Cardiovascular Reactivity. 
The relation of these headaches to the 
reactivity of the cardiovascular system 
is important. The headaches most com- 
monly appeared when the systolic pressure 
rose above 170 mg. Hg. and still more 
commonly when the difference between 
the pre-injection and post-injection pres- 
sures was more than 50 mg. Hg. (Table 1). 
The relative, rather than tlie absolute, 
rise seems to be the more important, since 
rises to 250 mg. Hg. have been elicited, 
without tlie production of headache, in 
Iniiertensive patients wliose basic systolic 
blood pressures Avere oA'er 200. It AA'as 
noted, moreoA'er, that the headaches were 
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more npl to appear wlien llio l)loofl pres- 
sure rise to a j,'iveu <lo.se lm<] l)e<>ii frreat<*r 
llian on previous occasions. Siuev, how- 
ever, the blood pressure recording was tint 
completed until the 90th second after 
injection and the headache had already 
set in by this time, it is not clear whether 
thi.s greater res})on.sc to the injection 
actually represented a gri'ater reactivity 
or whether it was due to the an.xicty pro- 
duced by the lieadaehc. The reactivity 
of the pulse tends to bo limited by the 
blood pressure rise and the most common 
immediate response was a slight brachy- 
cardia. 


ance of the .symptoms, but as the patient 
was not usually content simply to wait, 
more active tncasures were .sought. It wa.s 
found that a histamine hydrochloride solu- 
tion, containing 0.1 mg. of the drug, given 
intravenously over a period of G minutes 
caused a <lisappearnnce of all complaints 
<iuring the period when the patient was 
(lushing in response to the histamine. 
Thc.sc cfTcct.s, however, were not perma- 
nent and after the histamine had been 
<li.scontinued, the throbbing and aching 
tended to return in tlieir former intensity. 
It was finally discovered that the most 
effective measures were deep massage of 


Taiii.i: 1. — .\rri:.MuNCK oi- H»;\i>Arai; is Uia-soxsr. to iNrnvvKS'OL's tsjf.irriON" or Adues'.aus 
AJiiw X, K March 25, 19t5 



Tifiic 

It. P. 

Pul-e 

ItcmarkA 

InUiiil Bi'cordiiig . 

iHt injection 

2 P. M. 

110/70 

72 

l’ci'1.1 well Mve for n cold. Has Iiad no 
iinxicty ntl.ncks even tliough she missed 
n trtuUment during the week. 

1 min. . 

2-15 

MO/72 

72 


10 min. . 

Amount 0.01 nig. 

2nd injection 

■ ' • 

111/71 

03 

llK.Mi.ACiu: — in hack of neck. Bogan in 

1 min. . 

2:25 

190/100 

72 

le.s.s than 2 mins, after injection. Not a 

10 min. . 

Amount 0,07 nig. 

3rd injection 


12,S/S0 

Ot 

throbbing hc.adnchc — located posterior to 
left sternocleidomastoid. Seems to dis- 
apiiear with massage of area. 

Tliroblting in same area after third in- 

1 min. . 

2:10 

100/90 

03 

jection. .Aching. 25 mg. papaverine 

10 min 

Amount 0.01 mg. 

4th injection 

2:13 

130/90 

7S 

Iiydrochloridc intravenously. 

Not given . 

3:12 

114/8S 

09 

Neck not nching — but sore. Otherwise 
feels fine. 


JVolc: — (i) Largo rise in B. P., ivitli IicaUaclie, in rc.fponso to second injection. 

(ii) After licadnclie appears, rcspon.se to 0.01 mg. ndrcnaiin liydrociiloride is substantially greater 
than before bearlaclie. (Compare 1st and .'Ird injections). 


Alleviation. A number of agents were 
employed in an attempt to alleviate tlie 
head and neek aching, and in the antici- 
pation that they might throw furtlier 
light upon the mechanism involved. So- 
dium nitrite (gr. 1 to 3) by mouth and 
papaverine hydrochloride (mg. 16 to 64) 
intravenously were found to be of little 
value. Aspirin, and intravenous sodium 
amytal, gr. 7|, were found to reduce the 
patient’s complaints, but there was no 
indication that this was due to control of 
the factors directly producing the aching. 

As implied earlier, rest, for several days if 
necessary, resulted in a gradual disappear- 


the muscles in the occipital area and along 
the back of the neck, together with tlie 
application of radiant heat. Under these 
circumstances, relief of the head and neck 
aches appeared rapidly and was consider- 
ably more lasting than that following the 
use of the otlier agents. 

Increased Cardiovascular Aciiviiy. 01 
special significance is the subsequent re- 
activity of the cardiovascular system. In 
all instances it was found that the reactiv- 
ity of the blood pressure and the pulse to 
adrenalin was considerabb’^ increased and 
often increased over a period of several 
days. This is in marked contrast to the 
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fact that repeated administration of 
adrenalin over extended periods tends to 
reduce the reactivity of the pulse and blood 
pressure to adrenalin (Cameron^®). 

It was found in addition, that once 
headache had been produced it was almost 
impossible to give the same dose of adren- 
alin on a subsequent occasion during that 
day without eliciting another attack of 
headache. Indeed, in most patients, as 
long as 3 days after the headache had first 
appeared it was necessary to use a dose 
of adrenalin reduced by 50%. Before 
this had been recognized, our attempts to 
continue treatment at the same dose level 
perpetuated attacks of headache in one 
patient over a period of 43 days. Ulti- 
mately, in this case, it Avas necessary to 
reduce the dose to one-fifth of the original. 

The observation was also made that, 
in almost every instance, for several days 
after the headache had been elicited the 
reduced dose of adrenalin would produce 
a considerably greater blood pressure rise 
than it had on earlier occasions. It Avas 
also observed that, in the majority of the 
patients, for several days after a headache 
had bfeen elicited the basal pulse and blood 
pressure levels Avere greater than thej’^ had 
been (Table 2). 


Venous Phenomena. Concurrently, with 
the investigation of these headaches, 
observations were made upon venous reac- 
tions which appeared in some patients, 
regardless of whether or not headaches 
Avere present. It Avas found that where it 
Avas necessary to use small and superficial 
vessels, particularly those on the front of 
the Avrist, to inject the adrenalin, transi- 
tory changes appeared in these veins. 
The changes took the form of the appear- 
ance, Avithin about 10 minutes after injec- 
tion, of Avhite streaks which followed the 
course of tlie vein and often extended 
from four to five inches up the arm, with 
occasional branching out for shorter dis- 
tances. In some instances the streak 
extended back from the point of injection 
for about | inch, and in a fcAv instances 
spread out from the sides of the streak in 
pool-like form, starting about 1 to 2 
inches above the point of injection. In 
almost one-third of these cases, goose 
pimples appeared along the course of the 
Avhite streaks. The goose pimples usually 
disappeared fairly soon after the injection, 
but the AA’^hite streaks Avould persist as 
long as 5 hours. With subsequent injec- 
tions of adrenalin at 10-minute intervals 
'in the same vein, the streaks tended to 


Tadlb 2. — Continuance of Increased Reactivity of Pulse and Blood Pressure on Fifth Day 



After Appearance of 

Headache — See Table 1. 

Miss N. S. 

Time 

B. P. 

March 30, 1945, 

pulse Uemarks 

Initial recording . 

. . 2:10 

138/90 

88 No panic attacks in past week. 

Ist injection 

I min. . 

. . 2:20 

148/88 

78 No headache. 

10 min. . 


144/90 

84 

Amount 0.02 mg. 

2nd injection 

1 min. . 

. . 2:32 

156/84 

75 

10 min. . 


136/80 

84 

Amount 0.03 mg. 

3rd injection 

1 min 

, . 2:-15 

152/84 

84 

10 min. . 


140/70 

SO 

Amount 0.0! mg, 

•1th injection 

1 min 

. . 2:59 

154/84 

81 

10 min 


130/S0 

76 

.\mount 0.01 mg. 




Xote: — (i) 


substanfwlly higlicr than liofore the headache on March 
I. US. (Compare initial rcaoingrs in Tables 1 and 2). 

Blood pressure and pulse rise is now sliRhtly Kreater in response to 0.02 mg. adrenalin hydro- 
TabS) injection on Table 1 with first injectira on 
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become more protioiinced ami (o extcrifl 
furtJicr. 

It was foiiiul that the streaks coukl not 
be cliininatcd !)y pro<iucing passive venous 
congestion of the arm, save that their 
color became t<'mporaril.v lost fhiring the 
period that tlic arm was eynnosed, reap- 
pearing again as soon as tiic congestion 
had disappeared. Tlicy could, however, 
lie eliininate<! entirely by injecting a soln- 
tion of Iiistaininc Iiydroehloride, contain- 
ing 0.1 mg. of tlie drug, for a few minutes 
into the vein which had iieen used for tlie 
adrenalin aiiministrntion. Tiiere seemed 
to lie no reason to doubt tliat tlie white 
streaks represented changes in the vein 
itself and in .some of its iiranclics. The 
pooling clfcct was less clear. It did not 
appear to be duo to the leakage of adren- 
alin from the jioint of injection, since it 
usually occurred 1 to 2 inches above this. 
The appearance of goose pimples in the 
skin along the course of the vein .suggested, 
however, that cither a transialation of the 
solution from the vein might occur, or tliat 
there might be a radiation of its con- 
strictor cfFcct from the walls of the vein 
to those muscular structures lying outside 
it which control the ajipoarance of goose 
pimples. 

Discussion. Our attempts to assess the 
significance of these observations upon 
head and neck aches, upon cardiovascular 
reactivity and upon the venous phenomena 
consequent to the injection of amounts of 
adrenalin apparently excessive can only 
be tentative, since there are still many 
gaps in our information. 

The issue of primary importance which 
emerges from these observations is that 
the effects of excessive adrenalin admin- 
istration may persist long after its gen- 
eral pressor action has disappeared. Tlie 
significance is derived from tlie possibility 
that it may advance our knowledge of tlie 
development of the chronic tensional 
anxiety states. 

How far are the mechanisms involved 
in the 3 groups of observations related? 
The effects, as far as the veins are con- 
cerned, appear to consist in a spasm of 


the mu.sclc elements in their walls which 
may pcr.sist for .several hours and, on 
occasion, may extend to the muscle struc- 
tures of the overlying skin responsible for 
the production of goose pimples. This 
exfilanation is rendered the more probable 
by the fact that the goose pimples and 
the blanching can be completely abolished 
by the injection of histamine, which acts 
to relax mu.sciilar contraction in consider- 
able nrca.s of the cardiovascular system 
(Goodman and Gillman^), 

The mcchani.sms involved in the head 
and neck aches appear to be more com- 
plex. It is necessary to consider not only 
the eau.se of these .symptoms but also the 
explanation of their location. The fact 
that the headaches are at first primarily 
throbbing in character, that tlicy appear 
coincirlentally with excessive blood pres- 
.sure rises aiul that they tend to disappear, 
though only transitorily, during the ad- 
ministration of histamine, suggests that 
they arc vascular in origin and may be 
related to spasm of the arterial muscula- 
ture. On the other hand, the fact that 
they tend to merge ultimately into an 
aching of tlie neck, and that they Can be 
most readily overcome by heat and mas- 
sage suggests that they may, at least in 
part, be due to spasm of skeletal muscle 
in those areas. 

The question as to why these effects of 
activity should appear primarily in the 
occipital and neck regions is difficult. 
It may be said, however, that many ten- 
sional an.viety patients wlio have not 
received adrenalin complain in lesser 
degree of just such symptoms. It would 
appear that the scalp and the neck muscu- 
lature ai'e areas in which increased tension 
readily occurs. To tliis must be added 
the fact that they are areas subjected to 
frequent stimulation, the first through the 
participation of the scalp musculature m 
changes in emotional expression of the 
face, and the neck musculature through 
turning ma^•ements of the head. 

Of still more importance is the fact that, 
in states of increased tension, the flexor 
musculature of the body tends to exert a 
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greater pull than the extensor. This pro- 
duces the well known bowing of the back, 
bending at the knees and elbows and the 
bending forward of the neck. Hence the 
support of the head is thrown primarily 
upon the extensor museulature of the 
neck. Thus it is clear that, in the ten- 
sional anxiety cases, the musculature of 
the scalp and that of the back of the neck 
(which runs up for its attachment into 
the occipital area) are under special stress 
and for that reason may be presumed to 
be particularly likely to go into spasm 
when subjected to further sudden increase 
in tension, as during adrenalin admin- 
istration. 

The observation that, immediately fol- 
lowing upon the administration of an 
excessive dose of adrenalin and in some 
instances for several days thereafter, the 
cardiovascular system reacts by the devel- 
opment of increased pressor response to 
further adrenalin administration and by 
increased basal blood pressure and pulse 
levels suggests that the reactivity of the 
muscle elements of the cardiovascular 
system has been increased. 

Hence, it will be seen that the mechan- 
ism involved in all 3 groups of phenomena 
appears to be an increase in the reactivity 
of those muscle structures which ordinarily 
react to adrenalin. We have no evidence 
as to whether or not there is an increased 
reactivity of the other structures which 
react to adrenalin: of the secretory tissues 
and perhaps the central nervous system. 

Here we wish to emphasize a point of 
fundamental importance, which, because 
our medical thinking is still dominated by 
the determinism of physics, rve find it 
hard to keep steadily before us. Adren- 
alin, like any other agent, produces in the 
living organism an immediate reaction 
and may, as here, produce a change in 
the reactivitj' of the structures upon which 
it acts. 

It is this increased reactivity which is 
of prime significance, in that it may afford 
us insight into the development of the 
chronie tensional anxiety reactions and 
the ultimate establishment of the auton- 


omous anxiety state (Cameron-*) which 
has analogies with the concept of “struc- 
turalization” of the repetitive neurotic 
mechanism (Kubie'*). 

We are already aware that patients 
suffering from these states are more reac- 
tive to the injection of adrenalin (Mara- 
non,^ Backova,^ Richter,® Thorley^) and 
that such injections cause a transitory 
reactivation of many of their complaints, 
and by no means only those related to 
increased muscular tension, so that the 
patient will often comment anxiously that 
we have brought back all his symptoms 
(Cameron^®). 

Here, in these 7 patients, one sees that 
an excessive stimulation of the muscle 
structures which ordinarily react to adren- 
alin causes an increase in their reactivity 
which may persist over several days, and 
which, in one case in which the excessive 
stimulation was frequently repeated, per- 
sisted over a period of 43 days. 

It seems reasonable to compare these 
findings with the situation which exists 
where the individual is exposed to repeated 
psychic traumata with repeated partici- 
pation of the adreno-sympathetic system, 
such as occurs in combat experience or in 
prolonged involvement in a guilt or other 
conflict situation. In these situations, as 
in that presented in this report, there fre- 
quently results an increased reactivity of 
those structures which react to the adreno- 
sympathetic system. But these two situa- 
tions differ in that the psychic traumata 
are repeated over long periods and lead, 
in a proportion of cases, to sueh a degree 
of increased reactivity of those structures 
which react to the adreno-sympathetic 
system that they eventually respond ex- 
cessively to ordinary everyday stresses, 
thus resulting in the establishment of 
a self-perpetuating autonomous anxiety 
state (Cameron-*). 

In the cases presented in this report, 
stimulation was limited to a few occasions 
and no lasting increased reactivity re- 
sulted, tliough there is evidence in at least 
one case that repeated stimulation would 
result in more lasting increased reactivitv. 
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Summary. Adininislnition of excessive 
amounts of adrenalin may result in severe 
head and neck aches, in transitory hlanch- 
ing of the injected vein together with the 
appearance of goose pimi>les, and iji the 
persistence forse\'eral flays of an increased 


pressor response to adrenalin. The mech- 
anism of these symptoms is discussed and 
their reiiitionship to the production of the 
clironic tensiona! anxiety state is con- 
sidered. 
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THIAMINE CIRCULATION TIME 
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The use of thiamine hydrochloride as a 
new method for the determination of the 
circulation time was the subject of a pre- 
Uvavwaty report.® It was shown that the 
nut-like taste and smell of the drug gave 
arm-to-tongue or arm-to-nose circulation 
times in normal adults of 5 to 12 seconds. 
Since these values were much below others 
recorded in the literature,^ by the use of 
other subjective and objective methods 
(Table 1), the effects of dosage and volume 
upon the circulation time Avere also stud- 
ied,^ The conclusions were that increasing 
doses speed the response until the "true” 
circulation time is reached (Fig. 1), and 
that thiamine gives shorter values, with 
optimal dosage of 100 to 300 rag. or more, 
than the maximum safe doses of magne- 
sium sulphate, aminophylline, or decholin. 
Furthermore, volumes of solution 5 cc. or 
greater, Avhich are often used clinically, as 
in the decholin method, have the mechan- 
ical effect of shortening the circulation 
time by 1 or more seconds.’ The purpose 
of this paper is to report tlie determina- 
tions of thiamine circulation time in 295 
cases of various conditions and to discuss 
certain factors which affect the measure- 
ment of circulation time in general. 

To eliminate the volume and dosage 
factors,^ all measurements were made 
with 1 cc., containing 300 mg. of thiamine 
hydrochloride,* injected rapidly intra- 
venously, and timed from the beginning 
of the injection to the moment the subject 
first signified the taste or smell of the drug. 
Most patients tasted and smelled the drug 
simultaneously, but others noted taste or 
smell alone or one soon after the other. 


On rare occasions the taste or smell re- 
curred faintly, as from recirculation, or, 
on the other hand, as if the first quick 
faint end-point indicated arrival at the 
lungs with perception of the drug in the 
expired breath. Complete failure to taste 
or smell the drug occurred in 13 of 295 
cases, and obvious^’' false high readings, 
up to 120 seconds, occurred in 9 others, 
particularly in cases of congestive heart 
failure. Some of this group responded, 
with reasonably low readings, when the 
dosage was increased above 300 mg. up to 
600 or 900 mg. (2 or 3 cc.), but they are 
not included in our data. Check deter- 
minations with magnesium sulphate or 
decholin were obtained in most cases and 
gave, on the average, readings 4 to 20 
seconds longer, expecially in heart failure, 
and about the same percentage of total 
failures. 

Ninety-two normal adults tested bj-^ this 
method showed circulation times of 5 to 
13 seconds, most of them 7 to 10 seconds 
(Fig. 2). Repeated determinations a few 
hours apart checked usually Avithin 1 or 
2 seconds. Post-prandial readings were 
little or no lower than fasting, but circu- 
lation times in the A'ertical position were 
usually 1 to 3 seconds shorter than in the 
horizontal.® Complete failures in this 
group of normals occurred in 4 additional 
cases, and false high readings of 25 and 
120 second^ in 2 others. Four of these 
6 indiA'iduals were OA'er 60 years of age. 
ScAmnteen normal children, aged 5 to 12, 
responded in 4 to S seconds. 

Patients with heart disease were sub- 
diA'ided into 4 functional classes, according 


.Specially propared in lO-cc. vials hy E. R, Snuibb av\d 



33S 


itusKix, DKcmcnn: thiamine ciijcueation time 


to the Critcri.'i of the New York Heart 
Association, in tabnlatirif; tlic results 
(Fig. 2). Five cliiMreii with riienrnnfic 
heart disease, hut without congestive iieart 
failure, liad circulation tiiue.s within nor- 
mal limits, 4 to S seconds. In 1 child with 
severe congestive heart failure (Class IV), 
the circulation time wa.s lit seconds. 


Si.xty-five adults with organic heart disease 
hut without congestive heart failure (Class 
J) had circulation times of !) to 20 seconds, 
hut only 4 of the Go showed values beyond 
tlie normal limit of 13 .seconds. It is quite 
possible, that these 4 patients were WTongly 
judged clinically to be in Class I instead 
of Class II. There was no apparent corre- 


Taiilv. 1. — XouMAi. Ciiicei*tTiov Timi-.s iiv Vaiuoc.s MarnoDS 

Circ. tiin(> 





I'ffrct ftt 

) 

Authora 

Dinfln>.*t . , . . , 

Tliiaminc 



Left ventricle 

Tongue and ii(>«e 

0-9 

.v-i:! 

I{obi> and Steinlwrg. 193S 
Riiskin and Decherd, 1915 

I.,ol)cliiio 



Carotid sinu.s 

O-i.-i* 

Ficcione and Boyd, 1911 

Iladio.artivD .‘■odiiiiii . 



Otiicr nnn (children) 

.'r-17 

Hubbard ct nl. 1912 

Fluorescein (ultraviolet) 



C<injiinrtiva 

7-10.0 

rishbnek^ 1911 

Calcium chloride 



'I’ongue 

9-1.7 

Kalilcr, 1929 

Magnesium sulphate 



'I'otigue 

7-1" S 

Bernstein and Simians, 1939 

Saccharin 



'longue 

9-10 

F'islil»rg et al, 1935 

Dccholin 



Tongue 

19-10 

Tarr et al, 1933 

Calcium gluconate . 



Tongue 

10-10 

Goidlierg, 1930 

Aminophyllino .... 



Me<liilia 

7.1-20.1 

Koster and Samoff, 1913 

Afctliyicno hluo (phofoclcct.) 



.‘Jkin 

7-21. G 

Jnhions et nl, 1914 

I’lienoUetraiodophtlmlcin . 



F'cmoml artery 

10-18 

Hamilton et a!, 1932 
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Sodium cyanide .... 
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Bobb and Weiss, 1933 
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Gorl.ach et nl, 1913 

nodium-C 



Other arm 

12-23 

Bltimgart and Weiss, 1927 

Fluorescein (uUraviolcO 



Lip 

l.>20 

Lange and Boyd, 1942 

Pap.avcrino 



Mediilin 

1.7 4-27 

Elck and Solarz, 1942 

Ilistamino Skin 

* Add a minimum of 1 second for injection time. 

13-30 

Weiss et al, 1929 



Fig. 1. — Curves showing the effect of increasing doses of thiamine upon the circulation tiroes of 

4 norma] individuals. 
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lation between circulation time and roent- 
genographic evidence of enlargement of 
the heart in this group, contrary to Njdin.® 
Thirty-one patients in mild (Class II) 
failure had circulation times of 8 to 25 
seconds; 23 in moderate (Class III) failure, 
10 to 50 seconds; 17 in severe (Class W) 
failure, 13 to 55 seconds. There were 2 


other words, some cases of predominant 
left heart failure may be expected to show 
circulation time values considerably longer 
than those of right heart failure alone. 

Five cases in moderate or severe con- 
gestive failure given 1.2 mg. of digitoxin 
by mouth, were tested every 2 to 3 hours 
and showed the first definite lowering of 


Thiamine Circulation Time in Children and Adults 
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Children- normals and heart disease v/iihout heart tadare fza. cases) 



Malts - normals [^ 2 . cases) 
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AdaJts-heart disease wfh heart failure ( 7/ cases) 
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Adults -anemia fit cases) 


s - 

0 b ■ I T 


t 3. 




Fig. 2. — The circulation times in various patients, with and without heart disease, obtained by the 

injection of 300 mg. of thiamine hydrochloride. 


outstanding c.xceptions; one case of marked 
emphysema and another of old hyper- 
tensive heart disease, both in severe right 
heart failure without any pulmonary con- 
gestion. Each had a circulation time of 
7 seconds. Other cases of cor pulmonale, 
including those in whom systemic venous 
congestion had superseded pulmonary con- 
gestion, account for many of the lower 
values in the entire congestive failure 
group. Considering that the patliway of 
any drug employed to measure the “total” 
circulation time involves the small vc'^sel 
circuit in the lungs and not in the periph- 
ery, these results arc not surprising. In 


the circulation time (by 3 or more seconds) 
in 4, 7, 9, 10 and 12 hours, respectively. 
This increased rapidity of blood flow is 
presumably to be correlated with the e.x- 
pected increase in cardiac output and in 
the first signs of improvement in the 
patient’s functional status. 

The effect of exercise up to the point of 
dyspnea, using the ^Master tAvo-step equip- 
ment, tended to reduce the circulation 
time 1 to 3 seconds botli in normal indi- 
viduals and tliose presenting various 
degrees of congestive lieart failure. There 
were no instances of significant prolonga- 
tion after c.xercise in either group. The 
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attempt to clistinRiiisli early congestive 
failure from otlicr conditions j)roducing 
subjective dyspnea by means of the effect 
of exercise upon the circulation time would 
thus appear to be doomed to failure. 

Nine cases of anasarca due to cirrhosis 
of the liver or nephrosis had normal circu- 
lation times of 7 to 13 seconds. Sixteen 
cases of moderate to severe anemia of 
various origins lind circulation times of 
0 to 13 seconds, the majority being G to 
8 seconds. One case of sickle ceil anemia 
with moderate congestive Jieart failure 
responded in 7 seconds, ns did another, 
who in a previous crisis without heart fail- 
ure liad a circulation time of 5 seconds. 
There was no apparent correlation between 
the degree of anemia and rapidity of blood 
flow. Seventeen cases of thyrotoxicosis 
presented the expected accelerated circu- 
lation times of 4 to 10 seconds, 12 of them 
being 5 to 7 seconds. Again there was no 
correlation between the basal metabolic 
rate and circulation rate. Two cjiscs of 
moderate (treated) myxedema had circu- 
lation times of 12 seconds. Two cases of 
high fever responded in G and 7 seconds 
respectively. 

Comment. For more complete discus- 
sion, the reader is referred to one .of our 
previous papers on the subject." In view 
of the widespread measurement of the 
circulation time, especially as a method 
of diagnosing and following-up cases of 
congestive heart failure, certain points 
require particular emphasis. First, the 
usual doses of magnesium sulphate, cal- 
cium gluconate, and decholin used in 
clinical practice, may, and frequently do, 
give false high readings of the circulation 
time. That may be true even of l-gram 
doses of magnesium or calcium salts. It 
has been common experience to get faint 
pharyngeal burning following the injec- 
tion of one of these drugs in as long as 
60 to 150 seconds, values that are obvi- 
ously too high even for severe congestive 
heart failure. When large volumes of solu- 
tion are used, the error may be the other 
way, that is, toward a quicker response. 


Second, the so-called objective methods, 
involving the detection of dyes, radio- 
active substances and deepening of respi- 
ration, also give "normal” readings that 
arc much too liigh (Table 1) and need 
rcstudy from the standpoint of the influ- 
ence of dosage, volume and, perhaps, other 
unknown factors, before valid acceptance 
clinically. Furthermore, when these 
methods arc applied to the study of periph- 
eral arterial or venous obstruction, or con- 
gestive heart failure, that is, where either 
slowed blood flow or Jong circuitous path- 
ways arc ijivolved, false high readings are 
again to be guarded against. Our own 
experiences® with tlic objective methods 
involving the production of the inspiratory 
gasp have been disappointing in the high 
incidence of total failures and indefinite 
and false high readings. That has been 
particularly true of the aminophylline 
method, the papaverine method,* and the 
use of nikethamide. 

Nikethamide, one of the better known 
respiratory stimulants, can be used in a 
dose of 3 cc. of tlie 25% solution* intra- 
venously as a measure of tlie circulation 
time, particularly in children." The 
inspiratory gasp and, at times, a subjective 
burning of the face, occur in 6 to 9 seconds 
in children and in 7 to 12 seconds in most 
adults. However, in a total of 69 cases, 
10 failures to obtain a clear end-point and 
5 false high readings were encountered. 
The failures occurred particularly in cases 
of congestive heart failure, in which the 
drug would have been most useful, so that 
the method wms abandoned. 

The ideal method for the measurement 
of the speed of blood flow' should be simple, 
objective, safe, and e.xact; this is yet to 
be found. The thiamine method has the 
disadvantage of requiring the cooperation 
of the subject and the injection of rather 
large doses of the drug. It has the ad- 
vantages of simplicity, safety, and exact- 
ness. In case of failure to respond to the 
300-mg. dose, 600, 900 mg. and even 
larger doses may be safely injected. To 
prevent another failure ‘ or delay in 


Generously supplied to us by Lakeside Labs., Milwaukee, Wise. 
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response, an interval of at least 2 hours 
between injections has been found satis- 
factoryJ Oral medication of thiamine or 
brewer’s yeast and the fetor of suppura- 
tive bronchopulmonary disease have not 
affected the taste and smell of the in- 
jected thiamine in our subjects.® No 
serious allergic or anaphylactic reactions 
to the drug have been encountered by us 
in more than a thousand injections, except 
one case of mild urticaria in a person who 
had received therapeutic injections of 
“Betalin” a few months previously. A 
few serious reactions have, however, been 
recorded in the literature, including 2 
deaths ascribed to repeated intravenous 
use of the drug.^ Some reports of toxic 
reactions have emphasized the importance 
of a preliminary skin test as well as the 
avoidance of an interval of 1 or 2 weeks 
between injections as prophylactic 
measures. 

Summary and Conclusions. 1. Thia- 
mine hydrochloride, in a standard supra- 
optimal dose of 300 mg., is a safe and more 
exact subjective metliod for determining 
the speed of blood flow from arm to 
tongue. 


2. The normal circulation time by this 
method is 4 to 8 seconds in children and 
5 to 13 seconds in adults. Studies have 
been made in 295 different cases, and 
values recorded for various grades of con- 
gestive heart failure and other disorders. 

3. Circulation time by any clinically 
used method varies inversely with the 
dosage of the drug until a point is reached 
which may be called the true or shortest 
circulation time. 

4. This point is usually reached at a 
dose level of 200 to 300 mg. of thiamine, 
and may not be reached at the maximum 
safe dosage of 1 gram of magnesium sul- 
phate, 0.48 gm. of aminophylline, or 5 cc. 
of 20 % decholin. 

5. Another source of error in doing cir- 
culation times with volumes of solution 
5 cc. or greater is the shortening appar- 
ently resulting from the rapid injection of 
these amounts under pressure. 

6. The ideal method for determination 
of circulation time should be simple, objec- 
tive, safe, reproducible, and one employing 
constant dosage, which would be supra- 
optimal for all individuals. Such a method 
is yet to be found. 


Addendum: Since the submission of this paper an unknown component of vitamin B complex 
(Swenson, R. E.: Am. Heart J., 32, C12, 1940) has been proposed as resulting in a characteristic taste 
which makes it useful ns a method of nrm-to-tongue circulation time. Tliis substance, as indicated 
in this and our previous paper, is probably thiamine. 
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Sixcn the ohscrvatioiis by Yanilcll 
Henderson tliat hyperventilation ituhiccs 
circulatory and nenrolo^dc disturbances 
due to the liypocapnia and {;nsvous alka- 
losis, numerous reports on the efTcct of 
hyperventilation on the electrocardiogram 
have appeared.'*''®-®-*®'’' These electro- 
cardiographic alterations nerc nsnalh* 
attributed to the chemical changes pro- 
voked by ovcrventilation. 

However, it has been observed that 
.alkalosis m.ay be present without the 
appearance of alteration of the waves in 
the electrocardiogram and conversely that 
.signific.ant electrocardiographic changes 
may be present without alkalosis;*® more- 
over, no parallelism need exist between 
the degree of the electrocardiographic 
ch.anges and the cx'tcnt of the alkalosis.'* 

In view of these discrepancies, we de- 
cided to rc-investigatc the influence of 
hyperventilation on the electrocardiogram. 
This seems to have practical importance 
since hj7?erventiIation is not an uncom- 
mon event in patients whose electrocardio- 
gram is taken, especially when pain and 
anxiety connected with cardiac disease 
are present. The fear of electricity is 
widespread and frightened patients maj’ 
hjT)erventiIate during the .application of 
the electrodes. Furthermore, alkalosis 
does occur in manifold conditions; an 
e.vample is the alkalosis following the in- 
gestion of large doses of alkali. The 
changes in the electrocardiogram attrib- 
uted to alkalosis were in some reports 
rather striking and an awareness of these 
changes is necessar^'^ if confusion with 
the abnormalities due to intrinsic cardiac 
disorders is to be avoided. 

Method of Study. All subjects were hos- 
pitalized medical patients who showed 


, Nr.%v voitK 

Medical College, Metropolitan Hospital Service) 

neither clinical nor electrocardiographic eri- 
dence of cardiac di.cease. All lay quietly 
atnl flat in bod during the c.xamination in 
order to eliminate po.sitional effects on the 
electrocardiogram. Four types of experi- 
ments were performed; 1. H3-perventilation 
was done bj- means of slow and deep respira- 
tory' excursions which did not produce tetany 
or alkalosis. Tlic respiratory rate averaged 
10 per minute and this type of breathing 
wa.s continued for 3 minutes. The carbon 
dioxide combining power was obtained before 
and after hyperventilation on most of these 
patients. This was done on venous oxalated 
blood by the ^'an Slykc gas anaksis method. 

2. Hyperventilation was performed by 
means of rapid and deep respirations until 
tet.any and alkahsis were produced. The 
respiratory rate averaged 30 per minute and 
was kept uj) at this rate for 5 to 15 minutes 
until sj’inptoms of tetany appeared. 

Determinations of the pH of the blood 
were made on 10 successive patients. This 
was done on venous blood seram, collected 
under oil and centrifuged at a high speed 
for 5 minutes. Calculations were done by 
means of a C.ambridge cathode electron ray 
pH meter with a IMcGuiness electrode. 

3. The patient was ordered to perform 
very shallow and very' rapid respirations, 
averaging 100 per minute, for 2 to 3 minutes. 
The breathing was of the costal type, p!"®" 
dominantly. 

4. The breath was held in forced inspira- 
tion and in forced expiration. The patients 
were permitted to breathe between the taking 
of the different electrocardiographic leads so 
that tlie apneic period did not last more 
than 5 to 15 seconds. 

Control electrocardiograms were taken 
before the e.xperiments, and repeated during 
the period of oven'-entilation when signs of 
tetanj’ bad appeared and 10 minutes after 
hj’perventilation had ceased. Each tracing 
was so standardized that corrections for 
amplitude were not necessary and unim- 
portant. 
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Fifty-two patients were subjected to 89 
experiments; 13 of these patients (as indi- 
cated by an asterisk in Tables 2, 3 and 4) 
were subjected to 3 types of experiments: 
hyperventilation tetany, rapid and shallow 
respirations, and forced inspirations and 
forced expirations. These procedures were 
done during the same experimental period. 

Results. 1. Hyperventilation With- 
out THE Production op Tetany. Sixteen 
males and 1 female were subjected to this 
procedure. Their ages varied between 24 
.and 46 years (Table 1). 


(or a diminished inversion) occurred 7 
times and a decrease of the T iv.ave 
appeared once. In 7 instances, no changes 
were registered. In 1 case, the inverted 
T wave in Lead 3 became upright and in 
another the inverted T w'ave became 
more negative. 

Thus in most cases the R and T waves 
in Lead 1 became sm.aller while those in 
Lead 3 became taller. 

A study of Table 1 reveals that no cor- 
relation existed between the changes in 


Tabi.t; 1. — Effect of 'H.YPERVEFiTn.ATiO'N Nf'VTno'OT TwrAwr Utois thf. "R. kub T VI axes 

OF THE EcG 


CCh combining 

d'ols. %) R waves (mv.) T waves (mv.) 


No. and 
name 

Ago 

Sox 

Diagnosis 

Before 

After 

Lead 1 

Lead 2 

Lead 3 

Lcadl 

Lead 2 

Lead 3 

1. n. M. 

28 

M 

Neurosis 

04 

53 

-0.1 

+0.05 

0 

-0.1 

-0.1 

0 

2. C. S. 

32 

M 

UIU* 

07 

00 

-0.1 

+0.2 

+0.25 

0 

+0.1 

+0.1 

3. E. D. 

45 

M 

Peptic ulcer 

00 

52 

-0.2 

-0.5 

+0.15 

+0.15 

+0.05 

0 

4. Il.H. 

35 

M 

Neuritis 



-0.2 

-0.1 

+0.15 

-0.1 

-0.05 

+0.15 

5. C. M. 

40 

M 

UIU 

04 

S3 

-0.1 

0 

+0.15 

-0.15 

-0.15 

0 

0. C. T. 

31 

M 

URI 

00 

58 

-0.1 

-0.1 

0 

-0.05 

-0.0250 


7. G. C. 

40 

M 

Pulm. tb. 



+0.25 

-0.15 

-O.I 

+0.125 

-0.025 

-O.I 

8. M. G. 

40 

M 

Peptic ulcer 

02 

52 

-0.25 

-0.2 

+0.1 

0 

0 

ItoU 

0. M. M. 

38 

M 

Bronchitis 

GO 

SO 

0 

0 

0 

0 

+0.05 

+0.05 

10. W. 0. 

43 

M 

Peptic ulcer 
Bronchitis 



-0.1 

0 

+0.1 

-0.1 

0 

+0.1 

11. E. G. 

28 

M 

oi 

si 

-0.2 

-0.1 

+0.1 

0 

0 

Ito+I 

12. J. F. 

40 

M 

Neurosis 

01 

58 

-0.05 

-0.05 

0 

0 

0 

0 

13. R. V. 

24 

M 

Parasitic infection 

58 

45 

-0.1 

-0.2 

-0.1 

-0.1 

0 

+0.05 

14. M. S. 

37 

M 

Neurosis 



-0.15 

0 

+0.15 

-0.1 

0 

+0.1 

15. n S. 

30 

P 

Gastritis 



-0.1 

0 

+0.1 

-0.15 

-0.15 

0 

16. A. A. 

24 

M 

URI 

M 

55 

+0.1 

0 

-0.1 

0 

+0.05 

+0.05 

17. M. S. 

38 

M 

Peptic ulcer 



-0.15 

0 

+0.15 

0 

0 

0 


+ = incrc-Tso in amplitude; — = decrease in amplitude; 0 « no change; I = inversion of wave; U = uprighting of wave; I to +I = 
increase in inversion; I to — I = decrease in inversion; D = diphasic. 

• Upper respiratory infection. 


The R wave in Lead 1 decreased in 15 
of the 17 patients. The replacement of 
an R wave by an S wave did not occur 
and if an S wave was present it did not 
become deeper. In 1 patient, the R w'ave 
became taller in Lead 1 and in 1 it re- 
mained unchanged. In Lead 3, the R 
wave became taller or the S wave shorter 
in 10 instances. The R wave became 
shorter in Lead 3 in 3 patients and 4 times 
there was no change. Therefore, there 
was a distinct tendency to right axis 
deviation. In no instance was there a 
deviation of the RS-T segment. 

The T waves in Lead 1 became lower in 
S cases and in 2 it was higher. Tlie gre.at- 
ost decrease was 0.15 mv. and the greatest 
increase amounted to 0.125 mv. In Lead 3 
an increase in tlie height of the T wave 


the R waves and the changes in the T 
waves. At times when the R ivaves 
changed their height definitely, the T 
waves remained unaltered or a lower 
R wave w'as followed by a higher T wave. 

The carbon dioxide combining power 
xvas done in 11 of the patients of this 
group, before and at the end of the hyper- 
ventilation. In all cases thfere ivas a 
shift to the acid side without the produc- 
tion of a true acidosis. Compensatory 
mechanisms were apparently active whicli 
not only corrected the effect of the loss of 
carbon dioxide but led to a slight over- 
compensation. Barker obtained similar 
results.^ 

2. Hyperventilation IYith the Pro- 
DUOTON OF Tetany and Alk.'Ilosis. 
This experiment was done with 35 patients, 
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scm;ur, schiacilmax: 


12 females and 23 males (Table 2). The 
ages of the patients varied from 14 to 
GO years. The blood pll was determined 
in the first 10 patients. The values before 
hyperventilation varied between 7.3.j to 
7.G0 and those after hyperventilation 
ranged from 7.53 to 7.77. 

TSventy-four patients showed a decrease 
in the amplitude of the R wave in Ix;ad 1 
after hyperventilation; an increase ruis 
found in 2 instances and 0 subjects 
showed no change. A decrease of the 
R wave or a deepening of the S v a\ e oc- 
curred G times, whereas 13 patients showc<l 
an increase of the R wave or a shortening 
of the S wave in Ijcad 3. In IG cases, the 
QRS complcNCS remained unchanged in 
Lead 3. 

The T waves i?! Ixjad 1 ncre <lccrcascd 
in 20 instances; no changes occurred in 
1 patient and in 14 the T waves became 
higher. A decrease in the amplitude of 
the T wave w’as observed 6 times in 


Lead 3, an increase occurred in 15 patients 
and in 14 instances no changes appeared. 
Again, the majority of the cases showed 
a lowering of the R and T waves in Lead I 
while those in Ijcad 3 became higher. 

Figure 1, A and /i, shows the tracings 
in the 3 limb leads of Patient 7 of Table 2 
before and after hyperventilation. There 
is a significant lowering of the R wa\es 
ajid T w aves in Leads 1 and 2 and marked 
increase of the R Avaves in Ixad 3. Fig- 
ure 1, C, shoAAs the return to the normal 
picture after 10 minutes. The changes in 
Figure 1 were the most pronounced ob- 
tained in our evperirnents. 

No correlation eouhl be discovered be- 
tween the shift of the blood pH and the 
changes in the electrocardiogram. Pa- 
tients who showed the greatest shift of 
the pH might cvbibit little or no change 
in the electrocardiogram. 

3. Rapid axd Shallow Breathing. 
Very rapid and shallow breathing, averag- 
ing 100 respirations per minute, was done 


Table 2. — Tnn Effect of HYrrnvEVTiLATiosr Wmi Tf-tast Upon' Tnp R akv T Waves 

OF THE Eco 


Blood Ph R. \^-aTC3 (Millivolts) T waves (MtlliVoUs) 


No and 
name 

Arc 

Sc3C 

Diagnosis 

Before After 

Lend 1 

Irfad 2 

Luad 3 

lAiad 1 

T-ead 2 

T^ead 3 

1 G n.* 

17 

r 

rncuiDonia 

7 39 

7 55 

-0 05 

40 10 

40 15 

0 

0 

0 

2 V Y.* 

2G 

r 

Nephrosis 

7 35 

7 53 

40.1 

0 

0 

0 

0 

0 

3 GW* 

22 

r 

mu 

7 47 

7,51 

0 

0 

0 

0 

0 

0 

I S S* 

2S 

M 

UUI 

7 48 

*7 77 

-0 05 

-0 05 

0 

-0 10 

-0 20 

—0 05 

5 r. D* 

50 

M 

Diabetes 

7 56 

7.70 

-0 15 

0 

40 13 

0 

0 

0 

6 A B* 

n 

M 

URI 

7 47 

7 65 

-0 25 

+0 30 

40 50 

~0 1 

-0 2 

UloD 

7. J K* 

2S 

M 

Malaria 

7 5S 

7 65 

~0 2 

-0 1 

40 1 

0 

-0 02 

0 

SVC* 

1$ 

M 

Rheumatism 

7 5S 

7.74 

-0 1 

0 

0 

-0 05 

-0 05 

0 

9 TB* 

41 

M 

Anemia 

7 54 

7 71 

-0 1 

-0 1 

0 

-0 02 

0 

0 

10 R.C* 

20 

M 

URI 

7 60 

7 67 

0 

0 

0 

-0 05 

0 

0 

11 J P* 

25 

M 

URI 



-0 I 

-0 1 

0 

0 

0 

0 

12 J S 

14 

M 

URI 



0 

0 

0 

0 

+0 075 

40 075 

13 A S 

37 

M 

Gnppe 


,, 

-*0 2 

40 1 

40 3 

-0 05 

-0 1 

-0 023 

14. M G 

14 

r 

Bronchitis 



-0 05 

-0 2 

-0 15 

0 

0 

0 

15 L 0 

29 

F 

Neurosis 



-0 1 

-0 1 

0 

-0 05 

0 

40 05 

16 R P. 

28 

r 

Pleurisy 


, 

0 

0 

0 

0 

40 03 

Ito— I 

17 C ). 

52 

M 

Peptic ulcer 



0 

0 

0 

-0 05 

0 

40 05 

IS J W. 

34 

M 

Bronchitis 



40 125 

0 

-0 1 

40 023 

0 

—0 025 

19 A V 

52 

M 

AlcohoU‘mi 



-0 1 

-0 1 

0 

-0 02 

~0 05 

—0 025 

20 F M 

47 

M 

Pulm tb 



-0 05 

-0 2 

~0 15 

-0 023 

0 


21 T H* 

27 

M 

Malaria 



~0 4 

0 

40 4 

0 

Utol 

I to 4^ 

22 A C • 

58 

M 

GI cancer 



0 

0 

0 

-0 025 

-0 03 

0 

23 J V 

52 

M 

Peptic ulcer 



-0 023 

-0 1 

-0 1 

0 

+0 02 

40 Oid 

24 E R 

45 

r 

Neurosis 



-0 1 

-0 025 

40 1 

0 

0 

0 

25 S T 

23 

r 

URI 



0 

40 1 

40 1 

0 

40 025 

0 

26 M.C 

14 

r 

Bronchitis 

.. 


-0 03 

0 

+0 05 

-0 1 

- 0.1 

0 

27 Y.N 

23 

r 

Asthma 



-0 05 

-0 13 

-0 15 

-0 025 

0 

40 02 

28 R.L 

45 

r 

Epileps> 



“0 2 

0 

-fO 2 

-0 05 

-0 075 

ItoU 

29 H B 

60 

r 

Neurosis 



0 

0 

0 

0 

0 


30 S P 

54 

M 

Pneumonia 

, , 


-0 3 

40 03 

40 25 

-0 05 

0 

40 05 

31 K.G 

55 

M 

Brain tumor 



-0 15 

-0 05 

40 1 

-0 05 

0 

40 05 

32 R G 

16 

M 

Pneumonia 



0 

0 

0 

-0 05 

-0 05 

D to U 

33 N S 

25 

M 

Pneumonia 



-0 05 

0 

0 

-0 I 

-0 15 

—0 05 

34 E.T. 

46 

M 

Pneumonia 



1 

0 

40 1 

-0 OS 

0 

40 . 0 ./ 

35. L.K.* 

20 

M 

Atelectasis 



-0 1 

~0 15 

-0 05 

-0 1 

-0 1 

Ito— I 



345 


ELECTROCARDIOGBAPHIC CHANGES CAUSED BY HYPERVENTILATION 


by 11 patients (Table 3). Their ages 
varied between 13 and 50 years. 

The R waves in Lead 1 became loAver in 
0 instances-, in 2 it became higher and in 
3 patients it remained unchanged. The 
R waves in Lead 3 showed an increase in 
amplitude in 6 patients and in 5 it did not 
change. Figure 1, D, obtained in the same 
experiment as Figure 1, .4 to C, shows that 
the alterations in the electrocardiogram 
are the same in both procedures. 

The T waves in Lead 1 became smaller 
in 4 patients and were unchanged in 7. 


Only in 1 case did the T waves become 
taller in Lead 3, the other 10 patients 
showing no change. 

4. Forced Inspiration and Forced 
Expiration. Of 13 patients in this group, 
3 were females. Their ages ranged from 
13 to 50 years (Table 4). 

Forced Inspiration. The R waves in 
Lead 1 became smaller in 7 instances 
and showed no change in 4. No increase 
occurred in the amplitude of the R wave 
in Lead 1 in 2 patients. The R wave in 
Lead 3 showed an increase in height in 



l-K). 1.— EloctroMrdioKr.nm in standard leads before (A) .and after (B) hyperventilation which caused 
tetany and alkalosis. C shows the clcctrocardiograin obtained 10 minutes after thehyper\-entilation. 
if was obtained .after 5 minutes of rapid and shallow brc.athing. 
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SCtlKUF, SCni.ACHM.VN : 


4 patients. Six subjects presented a 
smaller R wave in the same lead and in 
2 they remained unchanged. 

The T waves in Tx;ad 1 hecamc smaller 
in 9 patients and in 2 they remained un- 
changed. An increase in the height of 
the T waves in Lead 1 did not occur in 
any of these patients. In I.x;ad 3 the 
T waves were taller iji G jnilients and 
remained unchanged in 2 patients. No 
decrease in amplitude occurred in any of 
these subjects. In Patient 2 the T wave 
in Lead 3 became less inverted while in 


The T waves in Lead 1 did not change 
in 9 patients. There was a decrease in 
height in 3 and an inerease did not occur 
in any. The T waves in Lead 3 remained 
unchanged in 7 patients and became taller 
in 2. A decrease in amplitude did not 
occur. Patient 2 showed an increase in 
the inversion of the T wave in Lead 3, 
whereas in Patient 5 the T wave in Lead 3 
changed from diphasic to upright. A 
change from an inverted T wave in Lead 3 
to a diphasic wave occurred in Patient 11. 

Tlic changes obtained in deep expiration 


T.VDI.K 3. — Tiik ICrrccT or U.\riD Asn Sham.ow nuKATHiso Urox tub R and T W.aves 

or THE Ecg 







11 waves (mv.) 



T waves (rav.) 


No. nnd 
name 

Ane 

Set; 


I.ead 1 


lA^ad 3 

Lead 1 

I/‘ad 2 

Lead 3 

I. J. P.» 

23 

M 

UIU 

-0.1 

-0.05 

-0.03 

0 

-0.25 

-0.25 

2. Y. y.» 

20 

r 

Ncpliro'^iH 

+0.1 

4-0.05 

0 

0 

0 

0 

3. G. R.» 

17 

r 

I’ncumonji 

0 

4-0.05 

+ 0.1 

-0.5 

4-0.0 

+0.*> 

4. G. W.* 

OO 

r 

UUI 

-1.3 

-1.0 

+0.13 

0 

—0.5 

0 

r. D.* 

Ho 

M 


0 

0 

0 

0 

+0.5 

0 

0. A. B.* 

13 

M 

vni 

-0.2 

-0.1 

+0.15 

-0.5 

0 

0 

7. S. S.* 

2S 

M 

uni 

-O.l 

0 

+0.1 

-0.1 

-1.5 

0 

8. J. K.* 

2S 

M 

Mniftm 

-O.I 

0 

+0.1 

-0.5 

—0.5 

0 

9. V. C.* 

IS 

M 

niicum'vtNm 

-0.2 

4-0.15 


-0.1 

—0,03 

0 

10. T. B.» 

41 

M 

Anomin 

0 

4-0.05 

+6;i 

0 

0 

0 

11. R. C.* 

20 

M 

URl 

+0.1 

4-0.05 

0 

0 

0 

0 

TaOLE 4. 

.—The 

Effect 

OF FoncED Inspiration and E.xpinATioN 

TJrOK THE K ANE T WAVES 


or THE Ecg 

Forced ini»piration Forced expiratioa 


K ^Tcs (mv.) T yruves (mv.) H wans (mv.) T vaves (mv.) 


No. and 
name 

Ape 

Fex 

Lead 1 Lead 2 

lipad 3 Lead 1 Lead 2 Lead 3 

Lead 1 Lead 2 Lead 3 

Bmdl 

Lead 2 Lead 3 

1. J.P.* 

25 

M 

-0.25 -0.15 

+0.1 -0.15 -0.1 +0.05 

0 -0.2 -0.05 

0 

-0.1 0 

2. L. K.' 

20 

M 

-0.2a -0.3 

-0.05 -0.2 -0.05 Ito-I 

-0.15 -0.3 -0.15 

-0.05 

—0.05 1 to +I 

3. T. H.* 

27 

M 

.. -0.05 

.. -0.05 

.. -0.05 .. 

0 


4. Y. Y.* 

26 

F 

0 +0.15 

0 -0.05 0 +0.05 

+0.05 +0.1 +0.05 

0 

0 0 

0. G. It. 

17 

F 

0 +0.15 

0 -0.05 +0.023 +0.025 

-0.05 +0.1 0 

— U .0 1 0 

+0.05 D to C 

6. G. W.’ 

22 

r 

—0.075 —0.075 

0 0 -0.075 1 to +I 

+0.1 +0.1 -0.23 

0 

0 0 

7. F. D.* 

so 

M 

-0.20 0 

-0.13 0 +0.05 +0.05 

+0.03 -0.05 0 

0 

+0.05 0 

8. A. B.* 

13 

M 

—0.35 +0,35 

+0.70 -0.073 0 +0.075 

-0.1 -0.1 0 

0 

0 0 

9. S. S.* 

28 

M 

-0.15 -0.03 

+0.25 -0.15 -0.1 +0.05 

0 +0.03 +0.4 

-0,05 

{) 

10. J. K.* 

25 

M 


+0.15 -0.1 0 

0 

0 +0.03 

11. V. C.* 

18 

M 

-0.075 +0.1 

+0.2 -0.1 -0 05 ItoO 

-0.1 +0.1 0 

0 

+0.05 ItoD 

12. T.B.* 

41 

M 

0 +0.1 

+0.1 -0.05 0 0 

0 +0.05 0 

0 

0 0 

13 R.C.* 

20 

M 

0 -0.1 

0 -0.03 0 0 

0 0 0 

0 

0 0 


Patient 6 it became more inverted. In 
Patient 11 the T wave in Lead 3 changed 
from an inverted wave to an upright one. 

Forced Expiration, Four patients re- 
sponded vdth a decrease in the amplitude 
of the R wave in Lead 1, 4 vdth an increase 
and in 4 the wave remained unchanged. 
The R wave in Lead 3 became smaller in 
3 records, remained unchanged in 7 and 
exhibited an increase in amplitude in 2 
of the patients. 


were less extensive than those sho\\'n by 
deep inspiration. 

The data obtained in all experiments 
are summarized in Table 5. 

Discussion. From the data presented 
in the preceding section, one may conclude 
that smaller changes of the R and T 
waves were obtained in all 4 series of 
experiments. These changes were inde- 
pendent of the presence of an alkaline 
shift in the blood serum and independent 
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of the signs and symptoms of tetany. 
The changes were identical whether the 
hyperventilation consisted of rapid and 
shallow breathing, rapid and deep breath- 
ing, or of slow and deep breathing. The 
abnormal deviations of the electrocardio- 
gram appeared as early as 3 minutes after 
the beginning of hyperventilation and 
returned to normal within 10 minutes 
after hyperventilation had ceased. 


those found in spontaneous hyperventila- 
tion.'® We can safely assume that patients 
exposed to heat which raises the body 
temperature to 104° F. do not have a 
peripheral vasoconstriction. Furthermore 
it is doubtful that hyperventilation under 
these conditions will produce an alkalosis. 
The basal metabolic rate is so much ele- 
vated at a temperature of 104° F. that 
the acid end products of the accelerated 


Table 5. — Cosiposite Analysis of the Results 
Hyperventilation rcifJiout tetany — 17 patients'. 


f Decreased — 15 
Ri i Increased — 1 
[No change — 1 


( Decreased — 3 
Rj j Increased — 10 
[ No change — 4 


( Decreased — S 
Ti -j Increased — 2 
[ No change — 7 




Decreased — 1 
Increased — 7 
No change — 7 
1 to U — 1 
1 to -hi — 1 


Hyperventilation with tetany- 


R. 


Decreased — 24 
Increased — 2 
[ No change — 9 


Rs- 


35 patients; 
Decreased — G 
Increased — 13 
No change — 16 


Ti 


Decreased — 20 
• Increased — 14 
^ No change — 1 


{ Decreased — G 
Increased — 15 
No change — 14 


Rapid and shallow breathing — 11 patients: 

f Decreased — 0 f Decreased — 0 

Rij Increased —2 Rji Increased — G 
[ No change— 3 i No change— 5 


( Decreased — 4 
Increased — 0 
No change— 7 


( Decreased — 0 
Increased — 1 
No change — 10 


Torcod inspiration— 13 patients 


f Decreased —7 
R] \ Increased —0 
[ No change— 4 


f Decreased — 9 
Ti -j Increased —0 
[ No change — 2 


Forced expiration — 13 patients 
f Decreased —4 f 

Ri ■( Increased — 4 Ti j 

[No change — 4 [ 


Decreased — 3 
Increased — 0 
No change — 9 


f Decreased — 6 
Ri j Increased — 4 
[ No change— 2 


Decreased — 0 
Increased — 0 


T 


) No change — 2 
' I to -I -1 
I to -fl — 1 
,ItoU -1 


f Decreased — 3 
Ri s Increased — 2 
[ No change — 7 


T, 


Decreased — 0 
Increased — 2 
No change — 7 
I to +I — 1 
D to U — 1 
I to D — 1 


The lack of proportional relationship 
between the shift of the blood pH to the 
more alkaline side and the electrocardio- 
graphic changes makes the explanation 
of the electrocardiographic findings by 
alkalosis tmlikely. 

Some investigators have found that-^ 
hyperventilation with hypocapnia causes 
a marked peripheral and cerebral vaso- 
eonstriction.®-'' Because of these findings, 
a coronary vasoconstriction with conse- 
(picnt myocardial ischemia has been as- 
.sumed to explain the changes in the elec- 
trocardiogram.®’'® However, it has been 
shown that patients placed in a Kettering 
hyporlherin will hyperventilate and show 
elect roi'ardiographie changes similar to 


tissue metabolism will more than com- 
pensate for any loss of carbon dioxide 
which occurs during hyperventilation. 

Finally, it is established that one of the 
earliest signs of anoxia of the heart muscle 
is a depression of the RS-T segments in 
Leads 1 and 2. This is due to the great 
sensitivity of the inner layers of the myo- 
cardium to ischemia. Tliese subendo- 
cardial layers are the first to suffer if tl)e 
blood sxipply to the heart is diminished. 
In all of our experiments, a depression 
of the RS-T segment was absent. 

These facts would seem to invalidate 
both the chemical and vascular changes 
as a cause for the changes in the electro- 
cardiogram follom'ng hyperventilation. 
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The observation that the inhalation of 
a mixture containing 5% CO; and 95% Oj 
will immediately relieve the symptoms of 
hyperventilation tetany and cause the 
abnormal electrocardiographic changes to 
revert to normal,’'* is no proof that the 
deviations found in the electrocardiogram 
are due to a loss of COj and consequent 
gaseous alkalosis. It has been shorn) that 
the above gas mixture will cause an in- 
crease in the height of the T waves, less 
inversion of an inverted T wave and the 
uprighting of a diphasic T wave in cardiac 
patients without hjqjcr ventilation being 
performed. Patients with normal hearts 
also showed an increase in the amplitude 
of the T waves.- 

The changes in the electrocardiogram 
caused by hyperventilation with or with- 
out tetanj’- and alkalosis were the same 
as those which appeared when the electro- 
cardiogram was taken during forced inspi- 
ration. It has been demonstrated that 
this positional change of the diaphragm 
leads to an alteration of the R and T waves 
which indicates a rotation of the electrical 
axis to the right.’’”-’® This change was 
not obtained in every individual during 
deep inspiration, for it depends on whether 
the heart rotates around its longitudinal 
axis or around an antero-posterior axis, 
or whether the heart simply moves with 
the diaphragm without any rotation. 

Because of the striking similarity in 
the changes obtained in all 4 sets of ex- 
periments, we feel justified in assuming 
that the changes produced in hyperventila- 
tion were also chiefly caused by a change 
in diaphragmatic position. It is a well- 
known fact that overbreathing due to any 
cause leads to a more inspiratory position 
of the diaphragm which gradually subsides 
within a short time after overventilation 
has ceased. 

Lowering of the T waves in Lead 1 also 
has been observed after exercise in normal 
individuals with healthy hearts.’® This 
has been confirmed in the laboratory of 
one of us and has been explained by a 
more inspiratory position of the dia- 
phragm.” The lowering of the T waves 


in Lead 1 after c,xercise has not rarely 
been interpreted as being due to coronary 
artery disease. E.xercise as well as any 
increase in heart rate decrease the ven- 
tricular gradient,’ 

Depression of the RS-T segment did 
not occur in any of our ex'periments. This 
is contrary to the experience of other 
authors who obtained such changes. Only 
where h 3 q)crventilation produced a marked 
tachj’cardia did a depression of the RS-T 
segments in Lends 1 and 2 occur. How- 
ever, this is a regular finding in tachy- 
cardia, whether it is produced by exercise 
or the administration of atropine or amyl 
nitrite. This delation can be attributed 
to the abnormal depolarization of the 
inner Layers of the myocardium which 
occurs wath an increase in heart rate. The 
tachycardias ‘obtained by some authors 
during the hj-perventilation was the simple 
consequence of the physical effort of this 
procedure. 

In some instances the shallow and ve^' 
rapid breathing may lead to a real anoxia 
of the m 3 ‘ocardium. In this type of 
breathing the volume of tidal air is re- 
duced to a degree where it surpasses but 
little the volume of air necessary to fill 
the dead space, and the exchange of gases 
suffers. 

An inversion of the T 'waves in Lead 1 
did not occur in any of our experiments, 
although its occurrence in Leads 2 and 3 
is common due to a positional change of 
the heart.’’’®'’'*’’® The marked immediate 
T wave clianges and the late in%’’ersion of 
the T waves which were observed by 
Thompson were most probably due to ^e 
presence of coronary artery disease, which 
possibility was even discussed b}’’ the 
author. Hypenmntilation in these cases 
had the same effect as an exercise test. 
In favor of this belief is the fact that in 
some patients these abnormal!}' inverted 
T waves later became temporarily more 
positive than even the control T waves.^ 
This is a well-knowTi after-effect of phj'si- 
cal exercise in patients with coronarj' 
artery disease.*® The mechanism invoRed 
is similar to that which causes the inver- 
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sion of the T waves after damage to the 
external layers of the myocardium (peri- 
carditis) after the elevation of the RS-T 
segments has subsided. 

In recent times even the electrocardio- 
graphic changes found in women with the 
climacteric syndrome and endocrine im- 
balance were explained by the sighing 
respiration of these patients, leading to 
hyperventilation.*®'^^ It has been shown, 
however, that the chief change in these 
electrocardiograms consists in a depres- 
sion of the RS-T segments and these 
changes did not occur in our hyperventila- 
tion experiments. 

The results of our investigations does 
not preclude the possibilitj’’ that under 
certain conditions T-Avave changes are 
caused by alkalosis. 

Summary. The influence of hyper- 
ventilation Avith deep, shalloAv, rapid and 
slow breathing on the electrocardiogram 


was studied. In a majority of the cases, 
these procedures caused a lowering of the 
R and of the T Avaves in Lead 1. These 
changes are similar to those obtained when 
the electrocardiogram is taken during 
maximal deep inspiration. 

The alterations of the electrocardiogram 
are explained by positional changes of the 
heart. No parallelism has been found 
betAA'een the degree of alkalosis and the 
changes in the electrocardiogram. 

As long as a marked increase in heart 
rate AA'as avoided and the respirations were 
not sufficiently rapid and shallow to cause 
anoxia, no depression of the RS-T seg- 
ment Avas observed folloAving hyperventi- 
lation. 

The alteration of the RS-T segments 
and the T-wave changes AAi^hich may be 
observed in some Avomen A\dth endocrine 
imbalance is not due to hj-perventilation. 


REFERENCES 

1. Abhma-N, R., and Baa'er, E.: Am. Heart J., 25, 36, 1943. 

2. Baracii, a. L., and Steiner, A.: Proc. Soc. Biol, and Exp. Med., 45, 175, 1940. 

3. Barach, a. L., and Steiner, A.: Am. Heart J., 22, 13, 1941. 

4. Barker, P. S., Schrader, E. L., and Ronzoni, E.; Am. Heart J., 17, 169, 1939. 

6. Davib, H., and Wapeace, W. M.: Arch. Neurol, and Psychiat., 47, 606, 1942. 

6. Henderson, Y., Prince, A. L., and Haggard, H. W.; J. Pharmacol, and Exp. Ther., 11, 203, 
1918. 

7. Kronenberger, F., and Ruffin, H.: Deutsch. Arch. f. klin. Med., 165, 257, 1929. 

5. Lami, G.: Riforma med., 61, 663, 1935. 

9. Lawrence, .1. S., and Aleott, E. N.; Brit. Heart J., 6, 128, 1943. 

10. McCance, R. A.: Quart. J. Mod., 1, 247, 1932. 

11. Muijdbn, N. H., van: Ztschr. f. klin. Med., 127, 192, 1934. 

12. ScuERF, D., and Goeduammer, S.: Ztschr. f. klin. Med., 124, 111, 1933. 

13. SciiERF, D., and Weissderg, J.; Am. J. Med. Sci., 201, 693, 1941. 

14. Sigler, L. H.: Am. Heart J., 16, 146, 1938. 

16. Simpson, W. M.: J, Am. Med. Assn,, 106, 246, 1936. 

16. Thompson, IV. P.: Am. Heart J., 26, 372, 1943. 

17. White, P. D.; Heart Disease, 3rd ed.. New York, Macmillan, 1944. 

18. White, P. D., Chamberlain, F. L., and Gratbiel, A.: Brit. Heart J , 3, 2.33 1941 

19. Wood, F. C., and Woeferth, C. C.: Arch. Int. Med., 47, 339. 1931 



350 


TURELL: INJECTIONAL TREATMENT OF INTERNAL REMORRIIOIDS 


INJECTIONAL TREATMENT OF INTERNAL HEMORRHOIDS 
By Robert Turell, ]M.D. 

NKw VOHK. a. V. 


Just prior to my entry into tlie Army 
in November, 1942, I had completed a 
critical evaluation of injectional therapy 
for uncomplicated internal hemorrhoids, 
but postponed its publication for obvious 
reasons. While in the service I had an 
opportunity to compare and contrast 
injectional tlicrapy as practiced in civil 
life with hemorrhoidectory as practiced 
in the Army for the same type of lesion. 

]Matf.rial. One hundred consecutive 
private* patients suffering from uncom- 
plicated small to medium-sized internal 
bleeding hemorrhoids without or with 
spontaneously reducible prolapse were 
treated by submucous and interstitial 
injections of sclerosing solutions in a 
manner to be described herein. The 
follow-up period of study ranged from a 
maximum of 5 years to a minimum of 
6 months; the bulk of the patients was 
followed for a period of about 30 months. 
After conclusion of treatments patients 
were asked to report every 3 months. 
This program afforded a good opportunity 
to detect early recurrences. The follow-up 
examination included a proctoscopic sur- 
vey in every instance. 

A study of the literature as well as per- 
sonal experience led to the establishment 
of definite criteria before a patient was 
accepted for this form of treatment. In all 
instances it was imperative to establish 
the absence of active or latent inflamma- 
tory disease of the anorectocolonic tube, 
as well as the absence of concomitant local 
disease which required surgical excision. 
Since# one of the causes of hemorrhoid 
formation is congestion with inflammation 
of the anal structures (anal crypts, anal 
ducts and anal glands) causing perivascu- 
lar and vascular involvement, particular 


attention was paid to this aspect of the 
problem. Whenever an inflammatory 
process was thought to be present, it was 
treated and eliminated prior to the insti- 
tution of injectional therapy. Experience 
and the "si.xth sense” were helpful in the 
selection of cases. 

Procedure. A. Pmnjedional Shtdies. 
A complete history was obtained and a 
general physical examination was made. 
A urinalj’sis, a hemoglobin estimation and 
a serologic test for sj’philis were per- 
formed. The local examination included 
bidigital and anoproctosigmoidoscopic ex- 
aminations. Much reliance was placed on 
the bidigital examination which is per- 
formed by the insertion of the index finger 
into the ana! canal and by placing the 
thumb on the perianal area and gently but 
sj’stematieally palpating the entire anal 
circumference in a clockwise manner. 
Localized areas of tenderness which may 
be missed on routine unidigital examina- 
tion will invariably be discernible on bidig- 
ital examination. These areas of tender- 
ness may represeiit localized areas of cellu- 
litis, small hidden abscesses, acute throm- 
boses in the deeper anal and perianal tissues 
or a foreign body. Upon palpating of an 
involved area or areas the patient usually 
reacts with a sudden and uncontrolled 
jerky motion of the body or cries out with 
pain. The patient remains quiet and 
cooperative during the examination of the 
uninvoh'ed areas of the anal canal. In the 
presence of tender areas, especially when 
a deep suppuration is suspected, it has 
been my policy to perform a sedimentation 
test of the blood. Rapid sinking of the 
red blood cells, in the absence of other 
causes, usually indicates the presence of 
an early hidden perianal abscess.® Roent- 


* Private cases were chosen for this study because all the details of examination, treatment and 
follow-up have been carried out by me alone in contrast to clinic patients who are not always treated 
and supervised by the same surgeon. 
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gen-ray studies of the colon by means of 
a double contrast barium enema were 
made only when specially indicated. 

B. Inicctional Technique. Most of the 
patients under study were injected accord- 
ing to a somewhat modified technique 
described by Lloyd-Davies.^ The scleros- 
ing agent utilized in most cases was a 5 % 
solution of quinine and urea hydrochloride; 
5 to 10 % of phenol in pure almond oil was 
used in a small number of patients. The 
first injections were made submucously 
above the anorectal ring about the pedicle 


On occasions all high submucous injections 
were made in one sitting and subsequent 
interstitial injections were completed at 
biweekly or triweekly intervals. A total 
series of from 6 to 12 injections was 
required. At present quinine and urea 
hydrochloride is practically unobtainable. 
A 5 % solution of sodium psylliate (sylna- 
sol) is now employed. 

C. Postmjccfional Care. The patients 
were informed that protrusion of the 
treated hemorrhoidal mass may occur 
upon straining, especially at defecation. 


V. Hemorrhoidalis sup 



!:' r.'.-.:roca 

\ 


/ ! 
. • 

• I 


V. Hemorrhoidalis nod. i; . ji j;'\ Site of primary 
^ .:v :. il :i'’ ::ijection 

M. levator anl- 




ui 1 1 V 

■ • '\V.' .Site of £ 

idalb . U/ 

'• ."' Hemori 


V.Hemorrhoidali 
Inf 

'' : • 

M. sphincter' " 

ani ext 


secondary 
jection 


morrhoid 

.\ 

r/. sphincter 
'! oni int. 
;'i.- 'T-. ^ ^ ' 



After Hiller 

Fia. 1.— Diatn-atn sliowing the primary and secondarj- sites of injection. Arrows indicate the reverse 
flow of blood in the presence of hemorrhoids {Am. J. Surg., 16, 64, 1932.) 


of each hemorrhoid with a view to oblit- 
erating the hemorrhoidal vein and to fixing 
the mucosa at a high level in order to 
prevent prolapse. After all the hemor- 
rhoids have thus been treated, subsequent 
injections were made into the hemor- 
rhoidal masses at a lower level. Occasion- 
ally additional submucous injections were 
tnadc between treated hemorrhoids in 
ottler to correct mild mucosal prolapse. 
Usually the injections were made biweekly. 


Instructions were issued to avoid straining 
and how to combat constipation, which 
may be the cause of defecatory straining. 
The patients were asked to feel for anal 
protrusions and were told how to reduce 
such protrusions digitally and to report 
such occurrences promptly. 

Results, Injectional therapy apparently 
produces a sterile inflammatory process 
under the mucosa and within the inter- 
stitial tissues of the hemorrhoidal plexus. 
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causing a chemical thrombosis of the 
vessels which is followed by sclerosis and 
finally by fibrosis. The main clinical 
purpose is to stop bleeding and to correct 
the associated descensus of the rectal 
mucosa. This was accomplished in everj' 
instance. About 65 % of the patients 
remained symptom-free during a follow-up 
period of observation ranging from .30 
months to 3 years. Reinjection was re- 
quired in over 30 % of the patients because 
of recurrence of hemorrhoids causing 
bleeding 9 months or more following the 
conclusion of the original course of treat- 
ment. Injectional therapy apparently 
does not produce a permanent cure. A 
cure depends primarily upon (1) the fate 
of the fibrosis produced which is a biologic 
unpredictability, and (2) on the elimina- 
tion of the etiologic factors which had 
existed prior to the institution of injec- 
tional therapy. Since this method of treat- 
ment does not remove the original etiologic 
factors responsible for the development of 
hemorrhoids, recurrence can hardly be 
considered a failure in those instances in 
which the underlying cause has not been 
eliminated. 

Complications. Seven cases of inconse- 
quential superficial slough at the site of 
injection were observed in this series of 
patients. This complication was probably 
the result of leakage of the injected solu- 
tion through the needle puncture, or the 
result of injecting too much solution. 
Other complications (often reported in the 
literature-) such as irreducible prolapse of 
the treated hemorrhoids into the anal 
canal or abscess formation, were absent 
in this series of patients; the absence of 
the former is attributed largely to the 
education of the patient and of the latter 
to the cautious preinjection examination 
and investigation. Parenthetically, it is 
my present opinion that suppuration 
following injectional therapy in many 
cases is due to an unsuspected or latent 
inflammatory process which was either 
overlooked or was impossible of correct 
diagnosis, rather than to the injections 
per se. 


Comment. This study shows that in- 
jectional therapy is effective in a large 
percentage of patients suffering from small 
to medium-sized internal hemorrhoids 
without or with spontaneously reducible 
prolapse. This is an economic office pro- 
cedure but it is neither simple nor without 
danger; if tJie limitations are understood, 
disappointments and complications will 
be avoided. The therapeutic success 
depends to a great extent on the patients’ 
cooperation which can best be secured if 
the patients are told, in simple terms, 
something about their lesions and the 
details of the treatment and if a flat fee 
is charged. As in the treatment of other 
diseases requiring multiple injections to be 
carried out for a given period of time, such 
a financial arrangement fosters regularity 
of treatment, confidence, and sincerity of 
purpose. 

To complete this investigation, I felt it 
desirable to compare and contrast surgical 
e.\'cision with injectional therapy. After 
treating 6 patients by operation for inter- 
nal hemorrhoids that I regarded as suitable 
for injectional therapy, I became so con- 
vinced that small and moderate-sized 
internal bleeding hemorrhoids do not 
warrant an operative procedure that I 
discontinued the clinical experiment. 
However, renewed and ample opportunity 
to compare and contrast the two proce- 
diues was afforded to me while serving 
in the Army, as soldiers with symptomatic 
internal hemorrhoids (which in civil prac- 
tice are considered suitable for injectional 
therapy) are treated by operation. This 
added observation and experience con- 
firmed the conclusions of the study of the 
experimental series of cases in civilian 
practice, namely, that the majority of 
cases of sjcmptomatic small or moderate- 
sized internal hemorrhoids do neither 
warrant nor require hemorrhoidectomy, 
with the attendant remote, but potential, 
risk incident to an anesthetic and a surgical 
procedure, and the loss of work or duty 
hours. This is especially true when mo.st, 
if not all, of these patients can be satis- 



tukell; injectional treatment of internal hemorrhoids 


353 


factorily treated by the ambulatory in- 
jectional method. 

Conclusions. On the basis of a study 
of 100 personally treated and followed 
patients, it appears that injectional ther- 
apy is a safe and effective ambulatory 
office procedure for the management of the 
majority of patients with small and 
medium-sized bleeding hemorrhoids, with- 
out or with spontaneously reducible mu- 
cosal prolapse, provided that the require- 
ments and details of this therapy as dis- 
cussed in the text are carried out. 

The main purpose of this therapeutic 
method is to stop bleeding and to correct 


the assoeiated prolapse which can be 
accomplished in every instance. 

In experienced hands, serious complica- 
tions can be avoided. The permanence of 
the therapeutic results is discussed in the 
text. 

Operation is usually not to be applied 
to the treatment of small or medium-sized 
internal hemorrhoids, but should be re- 
served for the treatment of large internal, 
or interno-external hemorrhoids, and hem- 
orrhoids that are associated with, or com- 
plicated by, anorectal lesions that require 
surgical excision. 
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COMPLICATIONS OF MUMPS 
By Joseph Humphries, M.D. 

NEW OULEAN8, I.OUIBIANA 

(From the Department of Pcdintrics, Tulane University School of Medicine and Charity Hospital of 

Louisiana at New Orleans) 


The purpose of this paper is to point 
out the frequency and variety of compli- 
cations of mumps seen on the contagious 
wards of a large general hospital. The 
material used in this study, obtained from 
records of Charitj' Hospital at New 
Orleans, included all patients with mumps 
admitted during the period from January 
1, 1940, through December 31, 1944. 

During this 5-year period, there were 
132 males and S2 females, or a total of 
214 patients with adequate clinical man- 
ifestations for analysis here. Because 
many patients with mild cases are not 
admitted to the hospital, statistics from 
this group may be misleading; however, 
most of the complications discussed in 
this paper developed after hospital ad- 
mission. 

Orchitis. Orchitis developed in 28.8% 
of 132 males in this series, a figure some- 
what higher than that usually given in 
textbooks. Of tlie 66 who were 15 years 
of age or older, orchitis developed in 36; 
only 2 patients under 15 years of age 
exhibited this complication. Bilateral 
orchitis occurred in 6 instances; in the 
remaining cases the right and left testicles 
were involved an equal number of times. 
Except for the case herein reported, the 
course of this complication corresponded 
to the usual description. 

Case Reports. Case 1. A 21-year-old 
white man was admitted because of fever 
and a painful, swollen scrotum. Examina- 
tion revealed a very tender left testicle 
enlarged to three times its normal size. 
There was no historj'^ of mumps recently, 
and the etiology of the orchitis was doubtful 
imtil 4 days after admission, when the right 
parotid gland became swollen, as did the 
mouth of Stenson’s duct. Six days later 
swelling of the left parotid gland was noticed. 
Recovery was uneventful. 


Mcnhi go-encephalitis. Involvement of 
the central nervous system may occiu at 
any time during tlie course of mumps, 
and this complication should always be 
considered in any patient with encepha- 
litic or meningeal symptoms, particularly 
during epidemics of mumps. In the 
present series there were 3 patients with 
clinical and laboratory evidence of this 
complication. Others exhibited clinical 
evidence, but spinal fluid examinations 
were not done. The following protocols 
illustrate predominant encephalitic and 
meningeal forms, respectively. 

Case 2. A 9-year-old colored boy com- 
plained of headache and vomiting 7 days 
after the onset of parotitis. During the next 
3 days the headaches grew worse, and he 
became irrational. On admission he was 
stuporous and lethargic but had no nuchal 
rigidity or other evidences of mening^ 
irritation. The spinal fluid was under in- 
creased pressure and contained 100 cells, 
82% of which were lymphocytes. The 
symptoms disappeared in about 4 days. 

Case 3. A 17-year-old colored girl was 
admitted, complaining of mild headaches 
which began 9 days after onset of parotitis- 
For the ne.xt week the headaches became 
worse and were not relieved by aspirin. She 
was feverish during this time. On phj'sical 
examination there was obxdous opisthotonos 
with severe nuchal rigidity. Kemig’s and 
Brudzinski’s signs were positive. E.xam^ 
nation of the spinal fluid revealed increased 
pressure, protein 42 mg. per 100 cc. and 600 
white blood cells, of which 80% were l 5 mapho- 
C 3 rtes. With only symptomatic measur^, 
the condition gradually improved during the 
next 7 days. 

Pancreatitis. The incidence and symp- 
tomatology of this complication vary 
widely in different epidemics. One author 
reported an incidence as high as 
In the present series 3 patients with 
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characteristic symptoms were encountered; 
2 of these had only mild manifestations, 
the most important being a steady, aching 
pain over the region of the pancreas. The 
third case is described because of the con- 
fusing picture it presented. 

Case 4. A 26-year-old colored man en- 
tered the hospital with bilateral swelling of 
the parotid glands, followed 2 days later b 3 ’^ 
swelling of both testicles. Five days after 
onset of parotitis, while Ijdng comfortablj' 
in bed, the patient suddenly felt severe 
abdominal pain just above the umbilicus, 
radiating toward the right side. Examina- 
tion at this time disclosed an acutely ill 
patient groaning with pain; there was 
rigidity of the abdominal wall. A tentative 
diagnosis of ruptured peptic ulcer was made, 
and surgical consultation was requested. The 
leucocyte count was onlj’- 6,000, and serum 
amylase was 180 units. These considerations 
made the diagnosis of pancreatitis more 
likely than ruptured peptic ulcer. Con- 
servative treatment was ad^^sed, and symp- 
toms graduallj’- subsided over a 2-day period. 


Except for amenorrhea associated wnth 2 
pregnancies, this patient has had no men- 
strual irregularities during the 5 years which 
have lapsed. / 

Case 6. An 18-y^ear-old white woman 
was admitted because of peri-umbilical pain, 
some nausea, and vomiting. During the 
day this pain gradually became aggravated 
and sliifted to the right lower quadrant. 
There was tenderness in this area, with 
rebound pain over McBurney’s point. The 
white cell count was 7,850. A diagnosis of 
appendicitis was made, but a normal appen- 
dix was found at operation. While the 
temperature remained elevated and the 
abdominal pain persisted during the first 
postoperative day, the left parotid gland 
became swollen, followed one day later by 
enlargement of the right one. Fever and 
abdominal tenderness persisted until the 
parotid swelling began subsiding. Pelvic 
examinations during this interval showed 
tenderness about the right adnexa. An 
interval of 2 years has elapsed since she 
contracted mumps, and no menstrual dis- 
turbances have occurred. 


Table I. — Incidence of Complications op Mumps in 214 Patients at Charity Hospital 

AT New Orleans, La. (1940-1944) 

Number PcrcentaRe 


1. Orchitis 38 17.7 

2. Mcningo-oncephalitis 3 1.4 

3. Pancreatitis 3 1.4 

4. Oophoritis 2 .9 

5. Myocarditis 2 ,9 

6. Edema of the Chest Wall 1 .4 

7. Complications of Pregnancy .o 2.3 


Total 54 25 


The author wishes to express his appreciation to Dr. R. V. Platou, Professor of Pediatrics at Tulane 
Medical School, for many helpful suggestions in preparing this paper. 


Oophoritis. Recognizable involvement 
of the ovarj'^ is a relativelj’^ rare compli- 
cation as compared with orchitis. Symp- 
toms compatible witli this diagnosis were 
present in onlj- 2 of the S2 females in this 
series. 

Case 5. A 20-j'ear-old white woman 
entered the hospital complaining of swelling 
of the jaw and pain in the abdomen. There 
was no nausea or vomiting. Examination 
showed, in addition to the parotitis, definite 
tenderness over both lower abdominal quad- 
rants. The white cell count was 4.000. 
.Unloininal pain and tenderness subsided 
witii disappeamnee of the parotid swelling. 


Myocarditis. This unusual complica- 
tion was not recognized clinically until 
recently. In 1944 Wendkos and NolF 
reported a case; others have since been 
reported. Two examples have been studied 
at Charity Hospital. One of these has 
previously been reported and will not be 
reviewed here;* however, because of its 
rarity, the second one is presented briefly’ : 

C.ASE 7. A 6-year-old colored boy was 
admitted to the pediatric ward for study of 
backache and low-grade fever of several 
months’ duration. Because rheumatic fever 
was suspected, an electrocardiogram was 
made shortly after admission; it was normal, 
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with a rate of 90 per minute and a PR inter- 
val of 0.14 second. The leucocyte count and 
sedimentation rate were also normal. The 
hospital course was uneventful until the 
16th day after admission, when the tem- 
perature became elevated, reaching a peak 
of 103° F. 3 days later. Examination 
showed swelling of both parotid glands, 
typical of mumps. The course of the disease 
was not unusual, but after 10 days of well- 
being, the patient had a low-grade fever and 
appeared less energetic. No cardiac ab- 
normalities were detected, but an electro- 
cardiogram at tliis time showed a rate of 
100 per minute, a PRinten-al of 0.16 second, 
and a sharply inverted T4. These indefinite 
features disappeared in about 10 days, and 
a subsequent electrocardiogram was normal. 

Swelling of the Anlcrior Chest Wall. 
Recent literature contains only a few 
reports of this unusual manifestation. 
The first case described here occurred dur- 
ing the period of this study; the second 
case was encountered more recently. 

Case 8. A 7-year-oId white girl was 
admitted to the hospital complaining of 
swelling of the jaw and pain on swallowing 
for 24 hours. A sister had been admitted 
one day previously with a diagnosis of 
mumps. Physical examination showed bi- 
lateral enlargement of the parotid and sub- 
maxillary glands. The temperature was 
103° P. The white cell count was 6,250, 
with 56% neutrophils and 45% lymphocytes. 
On the third hospital day, after the tempera- 
ture had returned to normal, the swelling 
spread from the submaxillary region down 
the neck and extended over the upper an- 
terior thoracic wall. It persisted in the 
latter area for 4 days, during winch time 
swelling of the neck and submaxillary area 
disappeared. The white cell count at the 
time of maximum enlargement was 5,000, 
with 48% neutrophils. The patient was dis- 
charged feeling weU 6 days after admission. 

Case 9. A 14-year-old colored boy was 
admitted to the hospital complaining of 
swelling of the chest. He had been well 
until 4 days prior to admission, when he 
noticed swelling of the left cheek and pain 
behind the ear, followed one day later by 
swelling of his neck. On the morning of 
admission the swelling extended to the chest 
wall, causing the patient some concern. 


Seven siblings had mumps at the same time. 
Examination showed bilateral swelling of 
submaxillary glands and some enlargement 
of the upper part of the neck. From the 
level of the cricoid cartilage downward there 
was a very noticeable swelling of the soft 
tissues of the neck anteriorly, extending over 
the upper part of the sternum to the level 
of the second rib. Pressure over the in- 
volved tissue produced slight pitting, but 
there was no tenderness. The white cell 
count at this time was 7,200, with 50% 
neutrophils and 50% l 5 Tnphocytes. Four 
days after admission the prestemal edema 
had completely disappeared. Enlargement 
of the submaxillary glands gradually sub- 
sided during the next week. The patient 
was afebrile throughout the hospital course, 
and no other complications occurred. 

ihtmps During Pregnancy. A search 
of the literature yielded very little infor- 
mation on this subject; however, the 
occurrence of clinical mumps in 14 preg- 
nant women out of a total of 82 females 
justified some consideration of both ma- 
ternal and progenic aspects. Six of these 
patients had mumps near or at the time 
of an uncomplicated delivery, and each 
of the infants appeared normal. Three 
other patients had mumps and toxemia 
of pregnancy at the time of delivery; ia 
each of these, a normal child was delivered, 
and the neonatal period was uneventful. 
In 1 the onset of toxemia was definitely 
related to the appearance of parotitis. 

In 2 patients, 7 and 8 months pregnant, 
respectively, there was onset of labor 
2 days after swelling of jaws was noticed. 
Although delivery and postpartal periods 
were normal, both babies died. The first 
weighed 3 pounds 11 ounces, breathed 
poorly, later became cyanotic, and died 
1 day after birth. Autopsy revealed 
bilateral pulmonary atelectasis in addition 
to prematurity. The second infant, 
weighing 4 pounds 13 ounces at birth, 
lived for 21 days but his condition was 
always poor, and was characterized by 
intermittent cyanosis. Autopsy was not 
performed. 

Of the 3 remaining patients, 1 had 
mumps during the seventh month of preg- 
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nancy, made an uneventful recovery and 
delivered at term a normal baby; 5 years 
later this child appeared to be normal in 
every respect. The second patient aborted 
during the fourth month of pregnancy, 
one week following onset of mumps. In 
the other patient parotitis developed dur- 
ing the second trimester of pregnancy, and 
throughout the course of the disease had 
abdominal pains and cramps justifying an 
obstetrical diagnosis of threatened abortion. 


Summary. The incidence and variety 
of complications of mumps at Charity 
Hospital over a 5-year period have been 
discussed and a brief review of the unusual 
cases presented. From the data included 
in Table I, it can be seen that the total 
incidence of complications is about 25%. 
It seems unnecessary to emphasize that 
these complications almost always occur 
after puberty. 
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FURTHER REPORT ON THE USE OF BISMUTH SODIUM TARTRATE 
INTRAVENOUSLT IN THE TREATMENT OF 203 ADDITIONAL 
PATIENTS WITH TULAREMIA 

By Will W. Jackson, M.D. 

HOT SPRINGS, ARKANSAS 


The 203 patients with tularemia recov- 
ered following treatment with intravenous 
injections of a 2% solution of bismuth 
sodium tartrate. The results obtained in 
the present series were essentially the same 
as those in the 61 cases reported" previ- 
ousl}^ Up to June 28, 1946, recovery has 
ensued in a total of 264 patients with 
tularemia who have been so treated. 

Clinical Observations. The total 
series included 25 children, IS adult Ne- 
groes and 221 white adults. The absence 
of anj'^ mortality is attributed solely to the 
fact that treatment was instituted early 
on a presumptive diagnosis based on the 
characteristic clinical sjmdrome and un- 
doubted history of exposure, while await- 
ing laboratory confirmation. Routine 
laboratory studies included agglutination 
tests for tularemia, typhus (Protcvs vul- 
garis, OX 19), undulant fever, syphilis and 
typhoid. The serum of 90% of the pa- 
tients showed positive titers for tularemia 
of 4+ in 1:360 dilution. 

The patients' progress was marked by 
a routine drop of temperature to 99° F. 
within an average of 7 days, and all w'ere 
ambulatory within 18 days. The water- 
soluble 2 % bismuth sodium tartrate solu- 
tion* was administered in 1 cc. doses 
daily to all adult patients regardless of 
sex, age or weight. The dose for children 
was based on an age-weight basis (an 
average child of 6 years is given one-half 
to two-thirds of the adult dose) until the 
daily maximal temperature remained at or 
below 99° F., and then every 2nd day until 
clinical recovery appeared certain. The 
total number of injections given any one 
patient varied from 4 to 18. Only 2 in- 
stances of gingivitis (all patients were 
checked constantly by the nurse for this 
side effect) and 1 of tularemic pneumonia 


have developed among the total series of 
264 patients. The history of the patient 
with tularemic pneumonia is presented in 
full in the accompanying case report. 

Some of the interesting highlights of 
the present series of patients were; In 
the patient with tularemic pneumonia, 
the house physician thought that bismuth 
sodium tartrate was life-samng, especially 
since streptomycin was not immediately 
available. A Negro patient, with an ulcer 
on the leg which was believed to be a 
chancre, a 4+ Wassermann and a tem- 
perature of 103° to 104° F., was treated 
in the accepted manner for syphilis but 
to no avail. Later tularemia was diag- 
nosed and the patient responded readily 
to bismuth sodium tartrate therapy. 
Another patient, v.dth general adenitis, an 
ulcer on the leg, a leukocyde count of 7000 
and a normal temperature, was taking 
baths at Hot Springs for supposed arthri- 
tis, and since no improvement ensued he 
was referred to us. We suspected tular- 
emia on the strength of the adenitis and 
the ulcer, both of which promptly' disap- 
peared under bismuth treatment. Agglu- 
tination tests showed positive titers for 
tularemia. Because of a similar ulcer and 
adenitis 34 years ago in this patients 
brother, we asked to see him and per- 
formed agglutination tests for tularemia, 
his resulting titer was 3-1- in 1:240 dilu- 
tion. It is believed that the agglutination 
test remains positive for life, although 
I have had opportunity to examine the 
serum of only a few patients 5 years after 
recovery from tularemia. The serum of 
each such patient proved positive. 

That the serum probably remains posi- 
tive for life was pointed out by Francis 
■who stated that the serum of a patient 
observed by Martin in 1907 showed anti- 


* The solution, supplied by G. D. Searle & Co., contains 29.6 mg. of bismutli per cc. 
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tularense agglutinins in 1925. This ob- 
servation by Martin in 1907, who encoun- 
tered several cases of the disease in human 
beings, was mentioned in a letter which 
was not unearthed until 1925. 

Case Report, The patient, I. W. W,, was 
hospitalized May 21, 1946. He had been 
ill since May 17. Agglutination for tulare- 
mia on admission was 44- in 1:320 dilution. 
Intravenous injections of bismuth sodium 
tartrate (1 cc. daily) were started imme- 
diately and continued until May 29, when 
they were increased to 1.5 cc. and continued 
to June 4. In addition, 200,000 units of 
penicillin was given for lymphadenitis of 
the leg. At this time the temperature 
ranged from 101° to 105.4° F. A roentgeno- 
gram taken May 29 disclosed bronchopneu- 
monia; the patient was placed in an oxygen 
tent until June 7; He received daily infu- 
sions of 1000 cc. of a 10% solution of glucose 
to which vitamin B complex rvas added. 
On June 4 (the 13th hospital day) the pa- 
tient received 1 gm. of streptomycin; 24 
hours later the temperature dropped to nor- 
mal and after 2 gm. it remained normal 
except for 1 rise to 99.8° F. He received 
a total of 5 gm. of streptomycin. On June 14 
bismuth sodium tartrate was resumed be- 
cause of a slight rise in temperature, but it 
was discontinued on June 17 because of 
gingivitis. A roentgenogram taken June IS 
showed residual bronchopneumonia of the 
right lung. The patient was discharged a 
few days later, and is now ambulator}’-, 
feeling well, eating well and gaining weight. 

Laboratory study on May 22 showed the 
following: a leukocyte count of 5000; an 
erythrocyte count of 4,730,000; hemoglobin, 
13.2 gm. (79.2%); a color index of O.S; 
the sedimentation of leukocytes was 56 mm. 
in 1 hour by the Westergren method; the 
unsegmented neutrophils totaled 32, the 
segmented 41, the lymphocytes 23 and the 
monocytes 4; the Schilling index was 45-I-. 
There was no malaria. Urinalysis revealed 
an albumin of 2-1- , a trace of sugar, numer- 
ous coarse grat\ular casts and a mixed bac- 
terial flora. Agglutination tests for tulare- 
mia were 4-1- in 1 :320 dilution and typhoid 
and paratyphoid were cross-agglutinated. 
Study of the feces was negative .as were the 
Kahn and Kolmer tests. Frequent further 
laboratory studies showed changes which 


would normally occur in view of the patient's 
progress. 

Discussion. Despite the favorable re- 
sults that have been reported recently in 
a total of 13 patients followdng the use 
of streptomycin, the results obtained in 
my 264 patients would make it appear 
that bismuth sodium tartrate might be a 
specific for tularemia. Foshay and Paster- 
nack^® report that in their 7 patients 
treated with streptomycin, fever disap- 
peared within 2 to 25 days, the bed period 
varied from 4 to 28 days and buboes dis- 
appeared in 16 to 90 days. Excluding 
the pneumonia case, the respective figures 
for our 264 patients were: an average of 
7 days for the temperature to drop to 
and remain at or below 99° F.; the bed 
period did not exceed 7 days and buboes 
cleared within an average of 21 days. 

Results similar to those reported by 
Foshay and Pasternack have been ob- 
tained by Abeh in 3 patients and appar- 
ently by Foshay® in 2 other patients, as 
be mentions in this latter article that 9 pa- 
tients had been treated with streptomycin. 
Cohen and Lasser® report an instance of 
tularemic pneumonia that did not respond 
to penicillin and the sulfonamides but in 
which apparent cure followed the adminis- 
tration of 7,062,000 units of streptomycin. 

This makes a total of 13 patients with 
tularemia \vho have been treated success- 
fully with streptomycin, but a definitely 
larger series will have to be had before its 
efficacy can be proved. 

As for other therapeutic agents, in the 
few' patients on whom I have employed 
penicillin no amelioration of symptoms fol- 
lowed its use and only after resort to 
bismuth sodium tartrate did recovery en- 
sue. Indeed, it is generall}* accepted that 
penicillin has no value in the treatment 
of tularemia. 

Bell and Kahn® determined the thera- 
peutic effect of the following preparations 
on experimental tularemia in guinea pigs: 
sulfanilamide, sulfadiazine, sulfamerazine, 
acriflavine, inetaphen, iodide and bismuth, 
arsenic and bismuth, trivalent arsenic! 
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antimony, penicillin and hyperimmune 
equine antitularemic serum. Their results 
demonstrate that Nvith the possible excep- 
tion of penicillin, none of these agents, 
given in doses larger than would be used 
for human beings, showed any therapeutic 
advantage. Beebe'* reported a fatal case 
of tularemic pneumonia after intensive 
sulfadiazine and penicillin (300,000 units) 
therapy. 

A word of caution as to the transmis- 
sion of the disease may not be amiss. The 
term "rabbit fever,” although synony- 
mous ■mth tularemia, should be dropped 
from the medical literature since tularemia 
is most often caused by tick bites rather 
than by any of the other numerous pos- 
sible con'tacts. In our experience tulare- 
mia followed tick bites in 97 % of our 
patients and in only 3% had it occurred 
after contact ndth rabbits or squirrels. 
Pullen and Stuart'® stress the importance 
of contacts other than the rabbit. Their 
list includes rabbits, ticks, squirrels, mink, 
raccoons, opossums, dogs, cats and rats. 
These other contacts, they say, are not 
generally appreciated. Bow and Bronm® 
state that the knorni contacts in 35 of 
40 cases of tularemia occurring in Alberta 
between the years 1931 and 1944 were 
rabbits, ground squirrels, cats, ticks, 
grouse, mink, sheep, swine and skunk. 
In another report Bow and Bro'svn® stressed 
the importance of ticks as contacts by 
stating that: “Ticks are ne.xt in impor- 
tance to rabbits as a source of infection." 
However, this has not been found to be 


To this list of vectors the experimental 
work of Prince and McMahon" adds 
2 species of tularemia infected fleas: the 
rat flea, Xcnopsylla chcopis, and the Cali- 
fornia ground squirrel flea, Diamams mon- 
ianus. These fleas produced tularemia in 
wliite mice under certain laboratory con- 
ditions. These authors cite the "work of 
others who have reported the transmis- 
sion of the disease, under experimental 
conditions, by bites of infected flies {Slo- 
moxys calciirans and Chrysops dmalis), 
ticks (Dcrmacentor andersoni and Dema- 
cenior mriahilis), the bedbug (Cimcx leclu- 
larins) and the mosquito (Aedes ssgypii)- 
The muskrat is accused by Williams" 
who reports the first case of tularemia, 
the ulceroglandular type, diagnosed in 
Alaska. This patient’s illness followed 
the skinning of numerous muskrats. Wil- 
liams states that the muskrat as a contact 
associated with human infections has been 
reported from Oregon, Idaho, Montana, 
New York and at North-w'ay on the Upper 
Tanana River Drainage, Alaska. BelP 
discusses the nature, incidence and trans- 
mission of the infection in ticks. Byfield 
and his associates'^ review the literature 
on the transmission of tularemia to man 
by animals other than the rabbit (mostly 
ticks) and report 15 cases of their own that 
occurred in military personnel following 
tick bites. Their patients were encoun- 
tered in an evacuation hospital receiving 
casualties from a maneuver area in Ten- 
nessee. There have been a few other 
recent reports"' on tick-borne tular- 


true in my practice. 

Francis'®® stressed the importance of 
ticks and tick bites in the transmission of 
the disease to man. He says in part: 
"Tick bite, fly bite, and contact with the 
■wild rabbit account for 95% of human 
cases in the United States.” The contacts 
given by him are wild rabbits, hares, wood 
ticks, dog ticks, horse flies, sheep, tree 
squirrels, opossums, sage hens, coyotes, 
deer, red fox, bull snake, quail, ground 
hog, muskrat, hog, skunk, cats, Montana 
ground squirrel, white rats and the w'ater 
rat. 


emia. 

Conclusion. From a comparison of the 
results obtained in the 264 patients ■with 
tularemia treated by the intravenous ad- 
ministration of bismuth sodium tartrate 
and the 13 so far reported in the literatiwe 


who have been treated with streptomycin, 
it may be concluded that the bismuth 
treatment has the advantage in that the 
Fever period, hospitalization period and 
iniVin rlpnrancp. time are all considerably 


shortened.- The mortality was nil for our 
total series of patients. The efScacy of 
streptomycin in the treatment of tulare- 
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mia must await further trial, since thus 
far so few patients have been treated 
successfully. The bismuth sodium tar- 
trate solution that we use is easily avail- 
al)le and in contrast to streptomycin it is 


inexpensive. Finally, there are fewer pos- 
sibilities of toxic side effects from bismuth 
sodium tartrate than from streptomycin, 
which may at times produce permanent 
labyrinthine damage vdth vertigo. 
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The close relationship of communicable 
disease and military operations has been 
so long recognized, so decisive in military 
history, and so stressed in military plan- 
ning as to be accepted doctrine. An out- 
break of mumps has disorganized many a 
training program. Epidemics of acute 
upper respiratory infection continue to 
complicate movements of troops on long 
journeys. Undue prevalence of even so 
benign a disease as scabies can interfere 
with preparations for marshalling an inva- 
sion. Dysentery can disrupt a campaign. 

The threat of such events is an accepted 
if not ine%dtable risk in bringing large 
groups of men together under conditions 
associated %vith military operations. The 
degree of concern warranted, and the pre- 
ventive measures deemed applicable, de- 
pend upon various factors. The practica- 
bility and effectiveness of available control 
measures are important considerations. 
The expected gain in health protection 


or even in health maintenance must be 
weighed against the inhibiting effect on 
conduct of normal military activities. The 
seriousness of a given disease in respect to 
death and disability may be an issue. A 
relatively mild condition may attain im- 
portance because of the non-effectiveness 


it engenders. 

In developing a general program of 
prevention, many communicable diseases 
afford some leeway in procedure or give 
opportunity for exercise of judgment basea 
on local conditions or the particular mili- 
tary situation. The 5 classical, interna- 
tionally quarantinable diseases constitute 
a group permitting little compromise. 

Typhus, cholera, plague, smallpox and 
yellow fever enter more pertinently than 
ever into military calculations as modern 
war has become so dominantly globa . 
The reasons are evident and diverse. In 
the first place, they are capable of vide 
distribution. Not even yellow fever is a 
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Strictly tropical disease, as witness the 
past century entrance of that infection 
into our northeastern seaports.® Cliolera 
has invaded Kentucky.^ Plague exists in 
western United States.”" Other factors 
include the ease with which the quaran- 
tinable diseases flare into epidemic pro- 
portions, the difficulties in control they 
present, and their universally high case 
fatality. Ail at some time have been pan- 
demic, a threat which becomes exaggerated 
in time of war. 

The control of the quarantinable diseases 
is, of course, no problem peculiar to times 
of war. It merely becomes more impera- 
tive and bears an increased significance. 
It has always had an important relation 
to the maintenance of domestic health, as 
a matter requiring unrelenting diligence. 
The international quarantine ser\ace to 
guard our seaports against entrance of 
these diseases was one of the earliest 
health functions of the Federal govern- 
ment. Air traffic has added to the com- 
plexity of this obligation. The current 
extension of American interests to parts 
of the world where these diseases are en- 
demic and periodically epidemic increases 
our concern. The threat of introduction 
into continental United States will be 
more frequent. Considerable parts of our 
population will be resident in plague areas 
under conditions where American agencies 
and American physicians must take re- 
sponsibility for protection against these 
communicable diseases. 

Plague has a special interest at this 
time. It is one of 3 of the quarantinable 
diseases which exist within our own terri- 
torial borders, recognized endemic foci of 
infection being present in at least 12 west- 
ern states.® Infection of man has been 
reported from 0 states,®^ including 3 of the 
Gulf Coast states, and from the Territory 
of Hawaii.''”® It has a decided profes- 
sional interest bec.ause of newly developed 
methods of control offering great promise, 
but still lacking the experience of extended 
application which will determine their 
tiltiniate value.'*''’ 

No matter how remote interest and 


knowledge of plague may be, there is uni- 
versal appreciation of the epidemiologic 
principle that the disease spreads along 
lines of travel. Never in the history of 
war has an army traveled so far or so 
widely as did the troops of the United 
States in the recently completed opera- 
tions of World War II. Never before has 
an army been called upon to take up occu- 
pational duties in such far-flung parts of 
the world. No recognized plague area of 
the Avorld Avas untouched by American 
interest and influence, nor unvisited by 
Ameriean soldiers. 

The serious plague outbreaks of modern 
times have been in India, in Burma, and 
in both south and north China, Avith 
Manchuria and Inner Mongolia more or 
less constant endemic centers.®® Plague 
of the Mediterranean Coast of Africa and 
the Atlantic Coast of West Africa””-®' 
has been less extensive but frequent. The 
consistent presence of plague on the Carib- 
bean Coast of South America'® and along 
the Atlantie Coast of Brazil'®" is less 
generally appreciated. American military 
operations, sometimes of major importance 
and extent, took place in all of these re- 
gions during the Avar. 

American troops Avere stationed also in 
numerous other areas of recognized loAver 
risk of plague infection, but nevertheless 
Avhere the disease has been knoAvn for 
many years; AA'here it periodically flares 
into outbreaks of A’arying importance; and 
in many of which it appeared at some time 
during the Avar and during tenure of 
American troops. These include the 
Azores, certain islands of the West Indies, 
Ncav Caledonia, HaAvaii, and certain AA'est- 
ern states of the United States. 

Not only Avas the amount and extent 
of travel by Mnerican troops greatly in- 
creased during the Avar, but it Avas poten- 
tially more hazardous traA-el. Compro- 
mise of established measures for interna- 
tional quarantine is unavoidable in time 
of Avar. CiA'ilian public health staffs of 
countries at war are depleted. Necessar\’ 
supplies for prevention and control of dis- 
ease among ciA-ilian populations are di- 
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verted in considerable part to military 
needs. Newly developed methods are at 
the first disposal of the military. Port 
control in invaded countries was invari- 
ably taken over by the occupying enemy 
forces; when these areas were liberated, 
organized port sanitation was commonly 
found non-existent. Many ordinary regu- 
lations and procedures in respect to air 
and sea traffic were abrogated or modified 
because of military necessity; others were 
disregarded through license, ignorance, or 
exigency. There was a greater potential 
health risk in international travel during 
the wa , and greater possibility for spread 
of the quarantinable diseases. 

Despite these adverse features in kind 
and degree and despite the long residence 
of United States troops in plague-infected 
areas, not a single United States soldier 
contracted plague during the war,® and 
not a single plague-infected rat was found 
in a United States ship. This was not 
because of absence of exposure to the dis- 
ease, nor lack of opportunity for infection. 
As was anticipated, United States troops 
encountered plague in both endemic and 
epidemic degree. 

The extent to which plague occurred in 
areas occupied by United States, troops 
will be outlined in general terms. Con- 
tinued knowledge of - the current world 
situation was maintained through infor- 
mation from health authorities and medi- 
cal intelligence arising through military 
channels. The policy was early adopted, 
that energetic attack on plague in ci\dlian 
populations constituted the best means 
for protecting American troops, through 
elimination of the disease in the areas 
where soldiers were compelled to live. 
There were manj’^ such areas. Opportun- 
ity was thus pro%dded army medical 
officers to apply new methods of control 
made possible fay discoveries in allied 
fields during the war, and to revalue ac- 
cepted standard procedures. 

The greatest plague threat of the war 
came when United States troops entered 
north China. This was not a normal north 
China. The war was over, there was in- 


ternal disorganization, the country was 
churned up by many moving populations. 
Millions of Japanese soldiers had to be 
evacuated from these areas. Comparable 
numbers of Japanese civilians had to be 
removed to their homeland. Hundreds of 
thousands of Chinese and Koreans -were 
to be returned to their countries of origin 
from a variety of regions. The potentiali- 
ties for spread of plague were greatly in- 
creased in an area favorable to its trans- 
mission and accustomed to its presence. 
The problem attained no greater signifi- 
cance during the war. Word came to 
military authorities in southern Korea of 
the closing of the Manchurian-Korean 
border by reason of plague to the west. 
The long separation of that plague en- 
demic area under Japanese occupation 
had permitted relatively little knowledge 
of what had transpired in the immediately 
pre-vious years. A field survey was there- 
fore undertaken to determine the plague 
situation in north China generally, and 
particularly in those localities where activ- 
ities relating to displaced persons and 
evacuation of prisoners of war would 
mainly be centered. In preparation for 
anticipated difficulties, a detailed program 
of control was formulated. It included 
the desirable features of standard meth- 
ods*®-®® and additional measures derived 
from a variety of experiences -with plague 
in several parts of the -n-orld during the 
war. 

Standard Procedures for the Control of 
Plague. Plague epidemics of man begin 
as rat epidemics. The first clinicall}' 
recognized human infections are almost 
invariably bubonic, arising from the^ bite 
of the rat flea. Flea feces containing 
plague bacilli are rubbed into the minute 
wound resulting from the insect^ bite. 
Depending on enmronmental conditions, 
the outbreak may or may not become 
pneumonic. This form of plague may be 
a rare event or it may characterize the 
epidemic. The dominantb^ septicemic 
variety' of plague is either an overwhelm- 
ing infection, -with death before progress 
to bubonic or pneumonic types, or a ter- 
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minal event in bubonic or more commonly 
pneumonic infection. Plague infection 
sometimes comes from duties concerned 
with the care of patients, through dis- 
charges from buboes or from the respira- 
tory tract. Not a few accidental infections 
are contracted by laboratory technicians 
in the course of examination of pathologic 
material for diagnosis, or by control work- 
ers through contact with infected rodents. 

Under any circumstances, the rat occu- 
pies the center of the stage. It was, 
therefore, natural and logical that tradi- 
tional plague control should be directed 
against this animal reservoir of the disease. 
Basic effort has, therefore, consisted in 
energetic trapping and poisoning of rats, 
elimination of their breeding places, and 
curtailment of their food supply. 

A second general control measure is 
quarantine. With this disease perhaps 
more than any other, quarantine finds its 
greatest usefulness. It is liberally used. 
In its point of initial outbreak, plague 
shows a special predilection for ports, a 
circumstance intimately related to the 
density of rat populations in such areas. 
Strict application of international quaran- 
tine is the first consideration among quar- 
antine measures. At times quarantine of 
whole provinces is indicated, sometimes 
of cities, or perhaps only of an area within 
a major concentration of population such 
as the native quarter. Area quarantine 
is a measure dating from antiquity. Fi- 
nally and particularly with pneumonic 
plague, quarantine and observation of 
individual contacts is important. 

The incubation period of plague is 
short, a circumstance which gives practi- 
cability to these procedures. Through 
limiting the movements of persons incu- 
bating the infection, further contact with 
the unexposed populations is eliminated. 
Furthermore, prompt treatment is assured 
those who become ill. although all too 
often that is a matter of scant indindual 
profit because of the inordinantly high 
c.'ise fatality. 

Specific immunization with plague vac- 
cine is a third general preventive measure. 


Plague vaccines have been improved in 
recent' years but the protection afforded 
is still short-lived. Specific protection is 
an essential adjunct to a control program 
and should be practiced widely and ener- 
getically, but the results to be anticipated 
are less than in most diseases where such 
measures are available. 

At least 2 sizable outbreaks of plague 
during the war years were of moment to 
American troops because of the numbers 
of men stationed in the areas involved or 
nearby. The first was in the Yunnan 
l^alley in China, the second involved the 
Suez district in the Middle East. 

Plague in Yunnan, China. The plague 
outbreak in Yunnan,®® southwest China, 
was by no means the most important in 
that country during the war years. The 
province of Fukien was more heavily in- 
volved, with an estimated 8279 cases. 
The adjoining province of Chekiang had 
2085 cases. Both areas lie along the China 
Coast above Hongkong and were happily 
a problem of the Japanese. The consid- 
erable outbreak in Yunnan was of impor- 
tance to the American army because it 
lay astride the Burma Road. The Yun- 
nan Valley had been a plague center for 
many years. The great epidemic of 1894 
is believed to have originated there,^“ ulti- 
mately spreading to most countries of the 
world. It was therefore no surprise that 
plague appeared in 1938 in -this general 
region, in Burma, just beyond the Chinese 
border. Although reports are indefinite, 
evidence indicates that the infection 
smouldered there during the next 2 or 
3 years. At any rate, a second small out- 
break was reported in 1940 and the same 
year, the disease appeared on the Chinese 
side of the border from February to July. 
A serious outbreak was noted in September 
and October of 1943 in the Talungchuan 
region. By 1944 a full-fledged epidemic 
centered about the general region of 
Nantien. 

Dead rats were found in Nantien in 
June 1944. One week later the first human 
infection was noted, a family of 24 being 
first invaded, of whom 17 contracted the 
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disease and 9 died. From Nantien the 
infection spread progressively to nearby 
villages. December saw a general decrease 
in reported cases, although plague still 
continued through January of 1945. Con- 
ditions were favorable for spread, in that 
the whole region was heavily infested with 
rodents and fleas. 

Control measures emphasized princi- 
pally a rat campaign. Epidemiologic stud- 
ies arising from this experience indicated 
available standard measures were applied 
to all possible advantage permitted by 
local circumstances in such a region. In 
the latter stages of the outbreak a large 
proportion of the population was vacci- 
nated. In Nantien village, 59% of pa- 
tients with plague were stated to have 
been immunized previously. Sulfona- 
mides were employed to some extent in 
treatment of the disease. The generally 
lower death rate in the Nantien outbreak, 
as compared with usual experience in this 
part of China — 23 deaths out of a total 
of 102 cases— is ascribed to these 2 meas- 
ures. Deaths were most common in the 
older age groups, among those who had 
not been immunized, and when treatment 
was inadequate. 

Thus, despite traditional plague control 
measures under fairly favorable circum- 
stances, the outbreak in the Yunnan Val- 
ley smouldered along for 6 years. The 
disease spread by extension along routes 
of travel northward. It would appear to 
have been limited more by exhaustion of 
susceptibles than any other factor; for 
example, the village of Nantien with a 
population of 1000 had 102 cases which, 
judged by usual experience in China, prob- 
ably represented no more than a fraction 
of the actual number. 

Plague in Suez. The territory lying 
along the Suez Canal is a plague area of 
long standing, though the disease had last 
been reported in 1932. A few scattered 
cases occurred in 1939 and apparently an 
epidemic began to build up from then on, 
with a few scattered infections occurring 
each year.^ In November of 1943, a seri- 
ous epidemic developed in the city of 


Suez.“ Prom this port city at the south 
end of the canal, plague spread northward, 
involving the to-wn of Fayed in February 
and Ismalia on March 25, although the 
disease probably had existed before that 
date. Plague became epidemic in Port 
Said at the north end of the canal in April. 
In all, 1581 cases were reported in the 
area during the winter of 1943-44. Tradi- 
tional measures of control were employed; 
a campaign against rats, immunization of 
troops stationed in the area and to an 
extent of civilians, and application of 
quarantine. 

These 2 outbreaks in different parts of 
the world illustrate the difficulties in con- 
trol of plague by traditional measures of 
rat control, immunization, and quaran- 
tine. That control was not very effective 
is demonstrated by the length of time 
the outbreaks persisted, and by their con- 
tinued progression by extension. Part of 
the lack of efficiency arises from inade- 
quacies of the measures used. Plague is 
spread by the rat flea and not by the rat 
itself, consequently an attack on the rat 
is at best an indirect measure. On the 
other hand, lack of accomplishment also 
arises from the fact that the measure 
used are often not applied to their maxi- 
mum. The places where plague occurs 
are traditionally lacking in trained health 
workers. There is commonly a lack of 
responsibility on the part of the popula- 
tion’ and an unresponsiveness which con- 
siders plague one of the inevitable afflic- 
tions of life. Supplies and other facilities 
for satisfactory execution of preventive 
measures are commonly insufficient. Bc- 
porting of all communicable diseases is 
usually inadequate in the parts of the 
world where plague is most common, and 
plague follows the general rule. In China, 
health officers regard an increase in the 
number of funerals as the best index of a 
new epidemic. Consequently an outbreak 
of plague gains much headway before its 
existence is realized, and even then rigor- 
ous measures may be delayed, sometimes 
apparently because of the political inex- 
pediency of admitting that the disease 
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has grown out of hand. Some of these 
difficulties in plague control are innate and 
fundamental to the situations under which 
plague epidemics develop. Improvement 
in plague control depends in large measure 
on development of better health organiza- 
tions. Nevertheless, a simple control 
measure which would permit direct attack 
on the flea instead of indirectly against 
the animal host— a method which is rela- 
tively cheap and capable of being applied 
by workers with little training— would 
unquestionably be a distinct advance. 

DDT in Plague Control. Dakar, and 
West Alrica generally, have a long history 
of plague. The region is a recognized 
endemic focus of the disease, and because 
plague tends to occur periodically, a con- 
tinuous rat control program was included 
in the general health program in Dakar 
for many years. Trapping of rats, use of 
SO 2 gas in rat burrows, and application of 
poison in sewers were measures energeti- 
cally employed from 1934 to 1938. War 
brought a generally decreased emphasis on 
rat control, so that during the period 1939 
to 1944 little was done. There was gen- 
eral agreement among local observers that 
the rat population of Dakar had increased 
appreciably. It was therefore not surpris- 
ing that plague appeared on April 20, 
1944,^ and that typically the first pa- 
tient was a native occupying a guard hut 
near the docks in the Arsenal area. Con- 
trol measures were promptly instituted. 
Standard port quarantine was established 
and an active immunization program got 
under way, in the course of which some 
137,000 natives were immunized against 
plague by use of the single-injection French 
typo of vaccine. 

.'Vmerican medical officers introduced a 
number of measures primarily intended to 
protect American troops stationed in this 
region.’- Tiie waterfront where plague 
first appeared w.ns placed out of bounds. 
Native laborers in American military in- 
stallations Were decreased to a minimum. 
Those still employed were vaccinated and 
.subjected to frequent ph\'sical inspection 
to assure freedom from fic.as and to deter- 


mine developing illness. Later in the out- 
break, all employed natives were required 
to live in a compound in the military area 
and association wdth native quarters of 
the city was prevented. Contact betft’een 
American soldiers and natives was mini- 
mized. American military authorities also 
for the first time introduced a new meas- 
ure in the control of plague, in that all 
quarters occupied by United States troops 
were dusted wdth DDT powder, as were 
all personnel of the United States forces 
and all employed natives. 

The municipal authorities closed all 
cinemas and discouraged group meetings 
of any kind. Travel was restricted in and 
out of the city. Natives were required 
to carry a sanitary passport showing that 
they had been immunized and this docu- 
ment was required for the drawdng of 
rations. These measures continued until 
the epidemic subsided in December. In- 
fected areas udthin the native quarter 
were completely quarantined by institu- 
tion of a cordon saniiairc which continued 
in force until 10 days after the last reported 
case. 

French health authorities had a standard 
measure for control of plague as it was 
reported in native areas. The house, yard 
and general premises where plague had 
occurred were liberally treated with cresol 
solution, using a fire truck for gross«spray- 
ing and the common garden sprinkler for 
smaller and less accessible areas. The 
object was to kill fleas and plague bacilli. 
Fumigation of the “infected” house and 
sometimes of adjoining houses was carried 
out with chlorpicrin gas. The house was 
covered with a tarpaulin, the liquid gas 
poured on or under the floor and the 
premises held isolated for 24 hours. The 
general rat clean-up included adjacent 
houses. Sulphur dio.vide was passed into 
rat burrows, debris was removed and rats 
were trapped. Immediate contacts of 
patients were transferred to an isolation 
station where their temperatures were 
taken twice daily. During a part of this 
mcperience sulfadiazine was administered 
in amounts of 20 gm. for adults and 6 gm. 
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for children over a 3 day period. No 
factual data are available, but the results 
of chemoprophylaxis were judged to be 
good from a limited experience late in the 
course of the outbreak. Before chemo- 
prophylaxis was instituted, 19 contacts 
had become ill with plague. After its use 
onlj’^ 1 developed the disease. The basic 
numbers treated were not available. 

Despite these measures, plague in Dakar 
increased during successive weeks of early 
summer. Eventually, through efforts of 
United States military authorities, the 
DDT method of attack which American 
authorities had been using since the be- 
ginning of the epidemic in United States 
areas and for United States installations, 
was applied generally as a cooperative 
effort to all premises where plague had 
appeared. Houses were dusted with 10% 
DDT powder. All native residents in the 
area were likewise dusted. 

The area selected for treatment included 
all territory within a radius of one block 
of a recognized plague focus, the equiva- 
lent of nine square blocks. Later this area 
was extended in an attempt to anticipate 
the plague frontier. It became evident, 
however, that the focal method of attack 
did not suffice, for plague continued to 
appear. It was the opinion of American 
epidemiologists that the areas treated 
were too limited and that success depend- 
ed on universal dusting of the whole native 
area of Dakar, the Medina. Because of 
disagreement over the necessity for this 
measure, American authorities withdrew 
from general plague control activities on 
Sept. 8, 1945. A continued high incidence 
of the disease led to subsequent agreement 
and on October 24 a comprehensive plan 
to disinsectize the entire native area was 
undertaken. The work was completed on 
November 10. As a part of the plan, 
natives Imng outside the Medina were 
provided opportunity for disinsectization 
on a voluntary basis. 

The native quarter was divided into 
13 zones. Without notice a cordon of 
gendarmes was placed aroimd a selected 
zone at 0500 hours. Four outlet stations 


in the cordon permitted residents to pass 
out of the restricted area on their way to 
work after they were dusted, beginning 
at 0600 hours. The standard personnel 
dusting technique was employed and the 
working population had departed com- 
pletely dusted within 1 hour. An inner- 
cordon was then established to isolate 
individual blocks of the area, and mem- 
bers of the dusting teams went through 
these areas one by one, dusting all natives 
w’ho had remained at home, the outer cor- 
don being gradually constricted until all 
within the prescribed area had been treat- 
ed. It is estimated that 95% of the 
inhabitants of a selected zone were so 
disinsectized. Houses and premises were 
treated by residual spray or powder. The 
floor, walls and beds were hea%dly treated 
and a lesser dosage applied to the upper 
walls. In addition to dwellings, all public 
houses, cafes, restaurants, bars and cine- 
mas were likewise treated. It is estimated 
that in the course of this work, during 
which all 13 zones were treated, a total 
of 125,000 natives were disinsectized with 
DDT powder. The general pro^am hav- 
ing been completed, fixed stations were 
maintained in the area, where natives 
could come for treatment voluntarily in 
case of reinfestation with vermin. 

A major reduction in the flea population 
of both natives and houses was accom- 
plished. The extent of infestation of 
houses with fleas of all species, before in- 
stitution of these measures was determined 
by first stirring up the fleas through wav- 
ing the hands, and then exposing a stand- 
ard piece of fly-paper for 5 minutes. Fleas 
collected under these conditions some- 
times numbered between 200 and 300. 
Observations after the dusting process 
showed that houses remained free of fleas 
for several weeks, the period depending 
upon dosage applied, the subsequent treat- 
ment of the usual sand floors, and the 
amount of traffic in and out of a given 
house. Two weeks after completion of 
the program, 316 houses wmre visited and 
only 7 w’ere found to harbor fleas. Under 
p^e^^ous circumstances infestation would 
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have been essentially universal. A second 
survey on Dec. 8, 1944, showed 33 of 1643 
houses to harbor fleas, a proportion of 
about 2 %. It is clearly evident that the 
method of treatment served to diminish 
the flea population in remarkable degree. 
Complete efficiency cannot be attained by 
such a mass effort. Some houses are in- 
variably missed. Of the 7 houses that had 
fleas after 2 weeks, the primary dusting 
had missed 5. 

This- experience unfortunately does not 
give a clear evaluation of results to be 
anticipated from this new method of 
plague control. The procedure was start- 
ed late in the epidemic, on Oct. 14, 1944, 
when reported cases were declining, a 
seasonal expectation. Nevertheless, the 
last case of plague was recorded on Nov. 
25, 1944, when a native was found dead. 
It is possible he had been infected prior 
to completion of the dusting campaign. 
In any event one accomplishment was 
wholly definite — the flea population in the 
native quarter was reduced to almost un- 
believably low limits. The outbreak in 
Dakar was directly concerned with flea- 
borne transmission, for no patients with 
pneumonic plague was observed in the 
course of the outbreak. 

Significance of the experiment was in- 
creased by the French attitude toward 
rat extinction. The opinion was held 
that if rats were killed in appreciable 
numbers by poison, and the carcasses not 
recovered, the fleas would leave the rats 
and go to man as an alternative host. 
This is in explanation of the standard 
procedure in rat campaigns in the Dakar 
area which required that rats be caught 
alive and drowned in cresol to insure 
destruction of fleas as well as rats. Be- 
cause of this policy the number of rats 
caught and destroyed in Dakar during 
the course of the outbreak was never very 
great. This strengthened the presumed 
accomplishment arising from disinsectiza- 
tion. 

The field studies in Dakar were subse- 
quently corroborated by entomologic ob- 
servations on the lethal action of 5^ 


solution of DDT in kerosene on fleas. 
IMien this material was sprayed on floors 
in concentrations of 100 mg. per square 
foot, the biting activity of adult fleas 
was inhibited in 10 minutes. The residual 
killing effect persisted for 21 days — 10% 
DDT powder applied to floors had essen- 
tially the same effect as 5% DDT in 
kerosene. 

Further observations on the control of 
rat fleas, Xenopsylla clieopis, by DDT 
have been reported.® Flea-infested rats 
treated noth DDT powder were not only 
freed of fleas, but fleas in jars that served 
as cages were likewise killed. Rats were 
captured in buildings before and after the 
building was dusted with DDT. The 
flea index was 13.9 fleas per rat before 
dusting; 1 month after dusting it was 0.6; 
and in 2 instances 0.2 and 0.5 fleas per 
rat 4 months after dusting. 

Chcmoyroi)hylaxis of Plague. The sug- 
gestive results of chemoprophylaxis in 
Dakar were extended and given more 
precise evaluation during a small outbreak 
of plague in Oran in 1945. This epidemic®® 
was part of a general increase in plague 
along the North African Coast that started 
in Ferry\dlle in the autumn of 1944. The 
first patient with plague in Oran was a 
dock worker, who died Jan. 6, 1945, of 
an illness originally considered influenzal 
pneumonia, with onset Dec. 29, 1944. 
Subsequently S other natives contracted 
pneumonic plague, all being close asso- 
ciates of the original dock worker. Spread 
was by direct contact, and included 2 
nurses and a priest attending patients in 
the hospital. Chemoprophylaxis was em- 
ployed for 85 direct contacts, maintained 
under guard during the period of observa- 
tion and treatment, and given 3 gm. of 
sulfathiazole daily. Only 1 became ill 
with plague, and this infection resulted 
in recovery. The favorable but inconclu- 
sive impressions about chemoprophylaxis 
for bubonic plague in the Dakar experi- 
ence were confirmed by these satisfactory 
results m’th the more serious pneumonic 
plague in Oran. 

Though no rodent plague was ever dem- 
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onstrated in the Oran outbreak, preven- 
tive measures included rodent control. 
The Dakar experience vdth DDT was 
used liberally. Buildings and areas were 
sprayed with kerosene solution of DDT. 
Bedding, clothing and persons of natives 
were treated vith DDT powder. Public 
gatherings were prohibited and areas of 
infection were placed off limits to soldiers. 
All members of the U. S. Army were re- 
stricted to post during the acute phase of 
the outbreak. Rat trapping at strategic 
locations, with examination for plague, 
was instituted to determine the distribu- 
tion of plague infection. Segregation of 
United States from native dock workers 
was practiced. Troops scheduled for ship- 
ment to other ports or areas were isolated 
for the appropriate incubation period 
before departure. Re-immunization of 
military personnel was practiced. Sul- 
fonamide chemoprophylaxis of all inhabi- 
tants of heavily infected districts was re- 
served as an emergency measure. A gen- 
eral conclusion arising from these observa- 
tions was that larger doses of sulfonamides 
than those employed were in all probabil- 
ity desirable. 

Plague in Casablanca. Plague of both 
bubonic and septicemic types appeared 
in Casablanca^' on July 20, 1945. As so 
often happens, the first case involved a 
French employee in a warehouse of the 
port area where dead rats had previously 
been noted. The outbreak was limited to 
3 cases, 2 natives and 1 European with 
no cases among American soldiers sta- 
tioned in the city. 

Control measmes instituted by Ameri- 
can military authorities included immuni- 
zation, off limits restrictions except for 
those recently immunized, and e.xtensive 
treatment of areas and persons with DDT 
powder or DDT in kerosene, including 
warehouses, small buildings, ofiices, trucks 
and ships. Strong emphasis was placed 
on protective clothing. A rat campaign 
was started. The few cases limited to a 
single week speaks for the efficiency of 
these newly developed control measures. 

A Modem Program for the Control of 


Plague. The new insecticide DDT, devel- 
oped in the course of the war, has brought 
about a readjustment of attitudes and 
procedures in the management of epi- 
demics of human plague. Suggestive re- 
sults achieved in Dakar were further 
established at Casablanca and by labora- 
tory experiment. The need for a funda- 
mental ecologic attitude*^ toward the 
broad problem of plague and its control 
remains undisturbed. The rat is still the 
principal reservoir of the human disease. 
The effectiveness of the new techniques 
now available serve, however, to establish 
the principle that attack on the flea is 
the desirable immediate objective with 
attention to the rat a long term consid- 
eration. Experience in the Oran epidemic 
enlarged the preliminary observations on 
chemoprophylaxis as a preventive meas- 
ure. Results were particularly significant 
in that the disease was pneumonic plague. 
This clinical form has a characteristic high 
case fatality, and attempted interruption 
of transmission by attack on rodents or 
fleas is a most indirect’approach. 

The principles defined as a result of 
these experiences permit evolution of a 
more modem program for the control of 
plague. Three sets of circumstances 
enter into consideration in respect to the 
need for plague control and the selection 
of measures to be applied. The first in- 
volves a community with a history of 
previous plague infection, presumably sus- 
ceptible to recurrence, but with plague 
currently absent. The second circum- 
stance pertains to a situation where plague 
has just appeared, as emdenced by the 
first sporadic cases. Sound and energetic 
measures must be brought into play if a 
widespread epidemic is to be avoided. A 
third general situation, all too common 
in areas and populations where plague 
tends to appear, is of the disease already 
epidemic or existent in greatly increased 
proportions; the first report is of an 
epidemic. 

Pl-VGUE a Thre.vt. Potential danger 
of residence in an area frequently plague- 
infected requires continued attention to 
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preventive measures and their conscien- 
tious practice, even in the absence of 
known current infections. This applies to 
all recognized endemic foci. 

Vacdnaiion. Irrespective of the prac- 
tice of native populations, foreigners and 
military personnel entering endemic areas 
should be immunized against plague at 
least 2 weeks in advance of arrival. Ini- 
tial immunization^'' consists of 2 subcuta- 
neous injections of plague vaccine, at an 
interval of 7 to 10 days. The first dose 
is 0.5 cc. and the second 1 cc. of vaccine. 

Protcciion Against Fleas. Potentiality 
of an outbreak of plague should be fol- 
lowed by continuing survey of the existing 
prevalence of rats and rat fleas. An 
appreciable incidence of fleas, correspond- 
ing to a rat-flea index above recognized 
critical levels, about 0.2, calls for routine 
protection against the human infestation 
through use of insecticide DDT louse 
powder. Weekly use of the powder on 
underclothing and inner surfaces of shirt 
and trousers insures freedom from fleas. 
In military practice, regular physical in- 
spection of men and of quarters for fleas 
sliould be required at 2 w'eek intervals. 

Rodent Control. Rat surveys of areas 
suggestive of likely plague infection, and 
the necessary rat eradication programs^-^ 
should be instituted by responsible health 
authorities. In cities, especially port 
cities, a systematic continuous sampling 
survey of rats by live trapping will be 
necessary. The flea index of trapped rats 
should be noted and rats examined for 
evidence of plague. Significant increases 
of rat population emphasize the need for 
more intensive effort in rodent control. 
Infected rats determined in the course of 
routine surveys arc indicative of impend- 
ing plague. 

^Icdical InidUgcncc. Success in the 
control of any communicable disease de- 
pends on an effective attack in the earliest 
manifestations of an outbreak. This 
requires continued and dependable in- 
formation on prevalence of the disease in 
the area, and in the case of plague on a 
system of immediate telegraphic report- 


ing of primary cases. Health authorities 
of local civilian areas or military installa- 
tions can accomplish this for their own 
particular area. It is essential to develop 
close and frank liaison with health officers 
of contiguous districts and in areas con- 
nected by routes of travel. In military 
operations, contact must be established 
with local civilian and military public 
health authorities to insure early informa- 
tion of plague, even in remote areas with 
potential opportunity for spread. 

Supply. Residence in plague endemic 
areas requires maintenance of adequate 
supplies of materials essential to a control 
program. These include rodenticides, 
insecticides, flea repellents and plague 
vaccine. Plague does not always occur 
in the most accessible parts of the world. 
Necessary requisition of supplies should 
not be postponed until plague actually 
appears, for immediate availability may 
mark the difference bet\veen success in 
stamping out the disease in its early 
stages, and the development of an out- 
spoken epidemic. 

Training of Personnel. Three special 
groups of w'orkers are required to carry 
out modem plague control. Because 
plague is a disease of uncommon occur- 
rence from a wmrld standpoint, special 
plague control teams should be organized 
and instructed in the clinical, epidemio- 
logic,^®® and diagnostic features'®" of this 
disease in advance of known cases. A 
thorough program of attack should be 
conceived in advance. Special disinfect- 
ing teams are to be instructed in the use 
of DDT powder and residual sprays, and 
in measures to be used in disinfestation of 
persons and premises. The third general 
need is of laboratory facilities essential to 
early and certain recognition of the dis- 
ease. Again, the plague bacillus is not 
as familiar even to trained bacteriologists 
as are the agents of diphtheria or tubercu- 
losis. Perfection must be attained in 
examination of blood, sputum and tissues, 
and in recognition of rats and rat fleas. 

PtAGUE \ Re.\litt. The first appear- 
ance of plague should bring into play ail 
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measures available^*® to eliminate prompt-' 
ly the beginning centers of infection which 
so often progress so readily to the condi- 
tion of an outspoken epidemic. The first 
essential is unequivoeal diagnosis. This 
is a function of experienced epidemiol- 
ogists in collaboration with laboratories. 
Primary , attention must be directed to 
patients determined to have plague and to 
their immediate contacts and environment. 

Isolation of Patients. Patients and sus- 
pected patients should be kept in separate, 
finely screened rooms and only authorized 
and instructed attendants allowed to enter. 
Attendants of patients with pneumonic or 
suspected pneumonic infection must wear 
hoods with goggles or plastic eye-openings, 
coveralls or complete gowns ivith trousers, 
and rubber gloves. All waste articles 
contaminated by discharges must be 
burned. Bedding, linens and utensils in 
contact with the patient should be steril- 
ized by boiling or autoclaving. ^Vhen a 
room is vacated the walls, floor and furni- 
ture should be disinfected by washing 
with 5 % solution of compound cresol and 
the room allowed to air for 48 hours. 
Persons handling bodies of patients who 
have died of plague should observe strict 
aseptic precautions. 

Quarantine of Contacts. Contacts and 
suspected contacts of patients with pneu- 
monic plague should be disinfested, segre- 
gated and their temperatures taken every 
12 hours for 7 days. Those who develop 
fever should be isolated regardless of the 
suspected cause. Close contact of segre- 
gated persons should be avoided. Inspect- 
ing personnel should wear govms, cover- 
alls and rubber gloves and should be 
dusted daily with insecticide powder. 

Because of the nature of populations 
usually affected by bubonic plague, the 
difficulties in controlling their activities, 
and in assuring proper medical inspection, 
it is usually ad^^sable that the same 
measures be employed with this form of 
the disease as with the pneumonic variety. 
Precautions in their management need 
not be as rigid, however, if the area is one 
in which pneumonic plague is uncommon. 


’ In climates where transition from the 
bubonic to pneumonic type is likely, 
every precaution should be followed. 

Chemoprophylaxis of contacts is strong- 
ly urged. Not less than 3 gm. of sulfa- 
diazine should be administered each day 
for 7 days. This is minimal and may well 
be increased to the limit of clinical toler- 
ance. Doses as high as 8 gm. per day 
for the first 3 days have been used for 
adults. Dosage for children is in propor- 
tion to age. The high death rate from 
plague and the rapid development of the 
infection require earlj' and intensive ap- 
plication of the method. Vaccination of 
primary contacts cannot, of course, be 
expected to yield results because of the 
time required for production of specific 
antibodies. 

Area Quarantine. Civilian communities 
where plague is occurring should be pro- 
scribed to outside populations until the 
danger is past. Traffic patrol should be 
established on roads leading to the in- 
fected community to enforce quarantine 
regulations and to insure that persons 
entering or leaving the infected area are 
disinfested with insecticide powder prior 
to exit or entry. Provisions for such dis- 
infestation should be maintained at road 
blocks. Control may be made more effec- 
tive by requiring possession of sanitary 
passports attesting to vaccination and/or 
to dusting within a prescribed period. 
Such sanitary passports can also include 
the name and address of persons to be 
visited in the infected area. Definition 
of the quarantine area depends on the 
particular epidemiologic situation. It 
may include only a small restricted area 
within a city or a district or the entire 
city. Small idllages are treated to advan- 
tage as a unit. Within a restricted area, 
cinemas must be closed and group gather- 
ings and meetings discouraged. The com- 
mon tendency' of inhabitants of a plague 
infected community to flee to the country 
or to neighboring 'Plages must be curbed, 
forcibly if necessary'. If refugees are in- 
cubating the disease or carrying infected 
fleas they' tend to spread the disease widely- 
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Foreign Quarantine. Departure from 
plague areas should require certification 
that persons are free from plague infection 
and their clothing and equipment free 
from vermin. . Procedures necessary to 
permit such assurances should be carried 
out within 48 hours of departure, includ- 
ing inspection and disinfestation when in- 
dicated. 

Vessels having contact with ports in 
plague areas should be protected against 
entry of rats. This may be accomplished 
l)y use of rat-free wharves, by lighterage, 
or by fending off from wharves a distance 
of at least 1 meter. Adequate rat guards 
must be maintained on all lines from ves- 
sels to docks or to other vessels and the 
policing of cargo decks and gang-planks 
given particular attention. At night, 
decks and gang-planks should be lighted 
brilliantly. Steps should be taken to 
assure that cargo taken on is free from 
rats. Rat trapping should be continuous 
on vessels having contact with plague 
ports, with adequate inspection and fumi- 
gation when deemed necessary by quaran- 
tine authorities at ports of entry in non- 
plague areas. 

More than the common lip service fre- 
quently observed must be enforced under 
conditions of actual plague risk. This 
involves as primary requisites a clearly 
defined, practicable and Avidely published 
policy, adequate local supplies and equip- 
ment, and above all intelligent, instructed 
and critical supervisory personnel with 
adequate authority to enforce their man- 
dates. When military operations are 
involved, military authority and personnel 
must supplement the ciAnlian. Gcncral- 
i'/.ed platitudes and unkempt Avaterfront 
personnel are inadequate AA’hcn real risk 
is involved. 

Cargo liable to be or actually floa- 
iiAfestcd should be assured free from infes- 
tation by aj)propriate insecticidal meas- 
ures. These may include or consist in 
storage for adequate ])criods in flea- and 
rat-free A\-archouscs. Vlicn long A’oyagcs 
are in pro.speot. intransit time may be 
taken into account in assuring freedom 


from fleas when freedom from rodent ex- 
posure is assured. 

With increased transportation of freight 
by air many of these precautions must be 
enforced at airfields. Fortunately, classes 
of persons most likely to be plague infected 
or flea-ridden are least likely to traA’^el by 
air, though exceptions may occur, espe- 
cially in military or evacuation moA’^e- 
ments. EffectiA^e practicable protection 
in air as Avell as in motor traffic demands 
legitimately elastic enforcement by criti- 
cally intelligent personnel of applicable 
effective measures. An uncritical routine 
may be both onerous and ineffective. 

Immunization. Foreign populations and 
all military populations in plague endemic 
areas vdll have been immunized against 
this disease. They should immediately 
receive a stimulating dose of 1 cc. of 
plague vaeeine on report of plague in the 
area. If the outbreak continues this 
should be repeated cA^ery 4 months. Con- 
sideration should be given, depending on 
epidemiologic considerations, to immuniz- 
ing natiA’^e populations. This is a desir- 
able part of a long range program though 
immediate results in decreased incidence 
cannot be e.xpected. A widespread vac- 
cination program is not the first procedure 
among personal protectir'e measures. It is 
A'ery definitely the protection of primary 
direct contacts by chemoprophylaxis. 

Flea Control. The modern control of 
plague is based on the premise that the 
flea is the primary objectiA'e and that 
the rat suffering from the disease or har- 
boring fleas is of secondary importance. 
The principle of focal disinfestation applies. 

It is AA'asteful to attempt to free the 
Ainh*erse of fleas, and attack should center 
about knoAATi infected areas, the house or 
buildings Avhere a plague patient has been 
disco A’ered. HaA-ing described an area 
Avithin a radius of about 200 yards around 
the infected house, all persons and in- 
festable things AAithin that area should 
be disinfested, starting peripherally and 
AA’orking toAA'ard the central focus of infec- 
tion. This is accomplished in respect to 
persons by dusting cA'cry indiA-idual with- 
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in the area TOth 10% DDT powder.^' 
Pets and domestic animals are treated 
the same way. Clothing, bedding and 
furniture within houses are like-ndse dusted 
with DDT powder. Walls, ceilings and 
floors of houses, vrith especial attention 
to cracks, are treated with DDT residual 
sprays in oil. Rat runs and rat harborages 
are dusted with DDT insecticide powder. 

Once the original prescribed focal area 
has been treated and disinfested, rat trap- 
ping lines should be run radially beyond 
the focal zone. If plague infected rats or 
rats with high flea indices are discovered, 
disinfestation should be extended, again 
proceeding inward from the outermost 
point of suspected infection. 

Depending on the degree of success 
attained with focal attack, the extent to 
which plague is present in various parts 
of the area, and the general trend of inci- 
dence, consideration should be given to 
disinfesting methodically all parts of the 
affected section of the city or district. 
This is best accomplished by defining 
grids or sections of the general area, es- 
tablishing police cordons, and methodi- 
cally treating with DDT all persons and 
susceptible thiugs within the area. It is 
invariably wise to start with the focal 
method of attack. This may be enlarged 
either by extension of the original focal 
area, or on a general community basis. 

Foreign residents within or adjacent to 
a plague infected area should be disin- 
fested weekly with 10% DDT powder, 
applied by hand or power duster. 

Hospitals, barracks, mess halls and store 
rooms of military installations and the 
quarters, clubs, stores and common meet- 
ing places of foreign residents, within or 
adjacent to a plague infected area should 
be kept free of fleas by use of DDT powder 
or residual sprays. Rat harborages should 
receive special attention. 

Protection of Personnel Engaged in 
Plague Control. Personnel engaged in 
plague control should apply insect repel- 
lent to exposed sldn in the manner pre- 
scribed for protection against mosquitoes. 
TlTiile repellents do not prevent fleas from 


lighting, the insects nevertheless tend to 
leave the treated surface almost imme- 
diately and do not bite. Clothing, includ- 
ing socks, should be impregnated as with 
dimethylphthalate. All personnel should 
be required to w'ear trousers tucked into 
boots or leggings, and shirts with long 
sleeves. 

Rodent Control. Vihen human plague 
is discovered, the extent of the disease 
among the rodent population should be 
determined by trapping in every direction 
from the determined focus of infection 
until no additional infected animals are 
found. Destruction of harborages, rat- 
proofing and rat extermination should be 
carried out subsequent to focal disinfec- 
tion, by working again from the periphery 
tow'ards the center of infection. All 
buildings and ships should be rat-proofed. 
Rat extermination should include trap- 
ping, the use of poison, and fumigation. 
Finally, attention should be given to gar- 
bage collection and disposal, to removal of 
trash piles and to protection of foods as 
measures to decrease the rat population, 
and thereby the flea population. 

Natives Employed on Military Posts or 
Within Foreign Compounds. Natives from 
a towm or village where cases of plague 
are occurring should not be admitted 
within army unit areas or foreign com- 
pounds. The number of natives employed 
within such areas should be reduced to a 
minimum, and they should be required to 
live on the post or within the compound. 
If this is impractical, they and their 
quarters should be disinfested and each 
employee examined tw'ice daily for fever 
or other evidence of plague. 

PiAGUE IN EpiDEinc Profoktioks. 
Measures indicated when plague is epi- 
demic do not differ in kind from those 
required in the management of the first 
sporadic cases. The need is for intensified 
effort with expanded manpower and sup- 
plies. Ordinarily the special teams de- 
signed and available for epidemiologic 
studies and for disinfestation are inade- 
quate for the needs of a true epidemic. 
More teams must be organized. They 
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need not be experts, for much can be 
accomplished, particularly in disinfesta- 
tion, by quickly trained men. Given brief 
but intensive instruction, case finding 
teams can be enlisted from ordinarily 
available medical personnel. The train- 
ing may be by the regularly constituted 
organizations. 

Operation of Case Finding Teams. Case 
finding teams are employed for epidemio- 
logic case studies of all reported instances 
of plague or suspected plague, with special 
attention to sources of infection and 
identification of contacts. They initiate 
preliminary and emergency control meas- 
ures for each^suspected or confirmed case 
of plague, including removal of the patient 
to hospital, and disinfestation of the 
patient, immediate contacts, and the 
patient’s immediate environment. The 
principal effort in case finding lies in 
organized house-to-house search for un- 
recognized cases within the infected com- 
munity. It is to be stressed that the 
knowledge of civilian living habits and of 
the language are helpful. 

Case finding teams will make use of 
numerous unskilled civilian personnel in 
the conduct of their activities. They 
need to assure that immunization and dis- 
infestation of these workers is practiced 
regularly. 

The opei’ation of isolation hospitals in 
the kind of communities where plague 
occurs often leaves much to be desired. 
Through uncontrolled visiting of relatives 
or other inadequate control, contacts can 
be mviltiplied and extension of the disease 
into new communities facilitated rather 
than hindered by an improperly managed 
isolation hospital. It is the duty of case 
finding teams to consult and aid in the 
provision of adequate isolation measures. 

Operation of Disinfestation and Rodent 
Control Teams. Loc.al disinfestation is a 
primary function of disinfestation and 


rodent control teams. In the area imme- 
diately surrounding cases, surveys are 
made of rodent and flea populations, with 
the subsequent obligation of flea and rat 
extermination in infected communities and 
in nearby uninfected areas. Dusting 
facilities in quarantine control in ports 
are likewise a responsibility of the disin- 
festation teams. 

Cordon Saniiairc. An emergency meas- 
ure to be instituted only after careful 
consideration is the cordon saniiairc, bj" 
which areas of plague infected territory 
are marked off from larger relatively re- 
mote uninfected areas. It is ordinarily 
without benefit to attempt this measure 
under other than the prescribed conditions. 
Furthermore, a strong natural barrier be- 
tween infected and uninfected areas is re- 
quisite to satisfactory protection and guard- 
ing of a cordon sanitaire, such as a range 
of mountains or a fairly impassable river. 

Summary. The first consideration in 
control of human plague is direct attack 
on reported foci of infection. This involves 
(1) diagnosis and recognition of the dis- 
ease, which is essential to establish firmly 
the existence of plague, (2) isolation of 
the patient and of the immediate contacts, 
proper treatment of the patient and pro- 
tection of contacts by chemoprophylaxis, 
and (3) focal attack on the area invaded 
by plague, through disinfestation of prem- 
ises and persons with insecticide DDT. 

Further definition of cases and sources 
of infection through case-finding and the 
application of area and foreign quarantine 
follow in order. 

General measures for limiting the spread 
of the infection are to be established 
promptly. These include the practice of 
immunization and re-immunization, man- 
agernent of remote contacts, relations with 
native populations, measures for personal 
protection of foreign and military popu- 
lations and rat campaigns. 


REFERENCES 

... <") « 

(3.) Carter, H. K.: Y'cliow Fever: An Epidcmiolocical and Historinl of t*- r\ ■ ■ 



376 


PROGRESS OF SIEDICAL SCIENCE 


(5.) Davis, D. E.: Pub. Health Rep., 60, 485, 1945. 

(6.) Epidemiol. Inform. Bull.; (a) 1, 169, 1945; (b) 1, 834, 378, 439, 471, 538, 565, 604, 040, 702, 733, 
767, 858, 1945. (7.) Eskey, C. R.: Pub. Health Bull. No. 213, Washington, Gov’tPriuting Office, 1934. 

(8.) Eskey, C. R., and Haas, V. H. : Pub. Health Bull. No. 254, Washington, Gov’t Printing Office, 1940. 

(9.) Gordon, J. E.: A History of Preventive Medicine in the European Theater of Operations, U. S. 
Army, Part III, Sect. 5, No. 2, 1946. (10.) Greenwood, M. : Epidemics and Crowd Diseases, New York, 
Macmillan, p. 296, 1935. 

(11.) Hampton, B. C.: Pub. Health Rep., (a) 60, 1361, 1945; (b) 60, 1365, 1945. 

(12.) Lewis, P. M., Buckler, M. H., and Young, T. R.: Essential Technical Medical Data, Hq. H. S. 
A. F. I. M. E., War Dept., Washington. 

(13.) Macchiavello, A.: (a) Pub. Health Rep., 56, 1657, 1941; (b) Am. J. Pub. Health, 36, 842, 1940. 
(14.)' Metzner, S.: Deutsch. trop. Ztschr., 47, 399, 465, 1943. (15.) Meyer, K. P.: (a) Am. J. Trop. 
Med., 22, 9, 1942; (b) Medicine, 21, 143, 19^; (c) Med. Clin. North America, 27, 745, 1943. (16.) 
Moll, A. A., and O'Leary, S. B.: Bol. Ofic. san. panam., 19, 451, 576, 759, S7S, lOSl, 1940; 20, 139, 254, 
365, 697, 1149, 1941; 21, 7S0, 874, 9S0, 1942. 

(17.) Report to Base Surgeon, West Africa Service Command, U. S. Army, Julj’ 1, 1944. (On file. 
Office of The Surgeon General.) (18.) Rotman, C. M. H.: J. Roy. Nav'. Med. Serv., 31, 155, 1945. 

(19.) Shih, P. I., Chang, S. S., and Yuan, K. L.: Chinese Med. J., 62A, 56, 1944. (20.) Special 
Report, Plague in Oran, January, 1944. (On file, Office of The Surgeon General, War Dept., lYashington, 
D. C.) (21.) Stowman, K.: Epidemiol. Inform. BuU., 1, 589, 1945. 

(22.) Tech. Bull. Med., War Dept., Washington, D. C.; (a) No. 124, 1944; (b) No. 144, 1945; (c) 
No. 194, 1945. (23.) Townsend, S. L.: J. Roy. Nav. Med. Serv., 30, 25, 1944. (24.) Trufant, S. 
A., 3rd: New Orleans Med. and Surg. J., 96, 184, 1943. 

(25.) Vickery, E. L. : History’ of the Medical Services, U. S. Army Forces in the Middle East, War 
Dept., 1944 

(26.) Wn, L. T. : Manchurian Plague Prevention Service Memorial Volume, 1912-1932, National 
Quarantine Service, Shanghai, 1934. 



PHYSIOLOGY 


377 


PHYSIOLOGY 

PnOCEEDlNGS or 

THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 
SESSION OF JANUAEY 15, 1947 


Light and Dark Adaptation of Single 
Visual Sense Cells. H. K Hartline, 
M.D., and R. McDonald, M.D. (Johnson 
Research Foundation and Dept, of Oph- 
thalmology, Univ. of Penna.). Changes 
in sensitivity of visual sense cells in the 
eye of Limulus during dark adaptation 
have been followed by recording the im- 
pulses discharged in single optic nerve 
fibers in response to test flashes of light. 
Following exposure to light the number 
of impulses discharged in response to the 
test flash is less than the number elicited 
by this same flash when the sense cell is 
completely dark-adapted. Recovery of 
sensitivity during dark-adaptation is rapid 
initially and approaches the dark-adapted 
value asymptotically. The higher the in- 
tensity and the longer the duration of 
the preceding adapting exposure, the 
greater is the initial reduction in sensi- 
tivity of the receptor, and the slower the 
recovery. Recovery following prolonged 
illumination at low intensity is slower than 
recovery following a short, bright flash, 
even though the initial reduction in sensi- 
tivity is the same in both cases. These 
results can be e.xjjlained qualitatively b^' 
visual cycle of photolysis and regeneration 
such as that jiroposed by Wald. 

The frequency of discharge in the re- 
sponse to a test flash is much less affected 
by light and dark adaptation th;in is the 
total number of impulses. Thus it is not 
possible to match responses obtained under 
diiferent conditions of ada])tation merely 
by altering the intensity of the test flash 
until the number of impulses is equal. 
During light and dark adajitation, there- 
fore. other changes must take place in 
the visual sense cell than simple altera- 
tions in sensitivity due to altered concen- 
tration of photosensitive substances. 


Oxygen Consumption of the Cerebral 
Cortex During Metrazol Convulsions in 
Cats. P. W. Davies, Ph.D., and Antoine 
Remond, M.D. (Johnson Research Foun- 
dation, Univ. of Penna.). These experi- 
ments were performed with the aid of micro- 
electrodes which measure oxygen tension 
locally by direct electrolytic reduction of 
dissolved oxygen (Davies, P. W., and 
Brink, F.: Rev. Sci. Insir., 13, 524, 1942). 
The cats were paralyzed with intocostrin 
to prevent convulsive movements, and 
were given repeated doses of metrazol re- 
sulting in periodic con\ulsions of status 
epilepticus, as indicated by electrocortico- 
grams from the experimental area. 

One line of e\ddence regarding oxygen 
consumption was obtained by following 
oxygen tensions at the cortical surface. 
An extremely flexible electrode less than 
75 microns in diameter allowed such 
measurements to be made without move- 
ment artefacts. It was found that both 
venous and tissue-space oxygen tensions 
declined just after the appearance of the 
extra electrical actiidty of a seizure, rising 
again during the period of extinction. TJie 
arterial oxygen tension remained constant 
throughout. Since cerebral blood flow 
increases during a seizure, these results 
can be interpreted only by assuming an 
increased cortical oxygen consumption 
following increased ner\'e cell activity. 

A second line of evidence was obtained 
from direct measurements of local oxygen 
consumption. This was done by causing 
sudden local occlusion of the circulation 
of the cortex and measuring the subse- 
quent rate of fall of oxygen tension of the 
occluded region. A rigid oxygen cathode 
mounted on a movable arm, allowing it to 
be pressed against the brain, served both 
to accomplish the occlusion and to meas- 
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ure oxygen tension. By repeating the 
process a fairly continuous record of 
metabolism ivas obtained. In this way, 
it was found again, that cortical oxygen 
consumption increases after, rather than 
before, the increased electrical actmty. 
The maximum rate is about double the 
initial, which agrees with the findings 
of Sclrmidt, Kety and Pennes (Am. J. 
Physiol., 143, 33, 1945), and is only reached 
toward the end of the seizure. During 
the quiet phase consumption gradually 
returns to normal over a period of a 
minute or so. 


Kidney Phosphatase in Alimentary Hy- 
perglycemia and Phlorhizin Glycosmia. 
A Dynamic Mechanism for Renal Thresh- 
old for Glucose. By Julian B. ISIarsh, 
A.B., and David L. Drabkin, A.B., M.D. 
(Dept, of Physiological Chemistry, School 
of Medicine and Grad. School of Medicine/ 
Univ. of Penna.). The enzymatic rble of 
kidney phosphatase in the reabsorption of 
glucose in the renal tubules was studied 
under the conditions of alimentary hyper- 
glycemia and phlorhizin glj'cosuria. Em- 
ploying the homogenization technique in 
a modified method for the measurement 
of phosphatase actiidty a 55 to 70% in- 
crease in the activity of kidney acid and 
alkaline phosphatase was found after 
2 hours in rats given 1 to 3 gm. of glucose 
by stomach tube. 

Previous in vitro studies of the inhibitory 
effect of phlorhizin on kidney acid phos- 
phatase activity were confirmed (Beck, 
L. V.: Ptoc. Soc. Exp. Biol, and Med., 49, 
435, 1942). The alkaline' phosphatase activ- 
ity was also found to be inhibited, 0.01 M 
phlorhizin producing an inhibition of 40% 
in acid and 91% in alkaline phosphatase 
activity. For the first time, an effect of 
phlorhizin on kidney phosphatase was ob- 
tained in vivo. Using very concentrated 
homogenates of the kidneys of rats in- 
jected subcutaneously with 140 mg. per 
kg. of phlorhizin in oil, it was shown that 
the acid and alkaline phosphatase activi- 
ties of these phlorhizinized rats’ kidneys 


were 41 % lower than the activities of 
similar homogenates from normal controls. 

Studies on some components of the 
phosphorylating enzyme system in the 
kidney were made in the alimentary hyper- 
glycemic state. The ATP content proved 
to be of the same magnitude in the kidney 
tissue from fasted and hyperglycemic rats. 
Using the technique of Colondck, Welch 
and Cori, an inhibitory effect upon phos- 
phorylation and oxygen consumption ow- 
ing to increased dephosphorylation was 
demonstrated in experiments in which 
phosphatase activity w'as increased by 
means of the addition of a preparation of 
the enzyme to kidney homogenates (Colo- 
wick, S. P., Welch, M. S., and Cori, C. F.: 
J. Biol. Chem., I33, 359, 1940). 

As a consequence of these findings, it 
was postulated that the phenomenon of 
renal threshold for glucose is at least in 
part an expression of the limit to which 
kidney phosphatase can be raised. 


Cerebral Blood Flow and Metabolism in 
Patients With Severe Diabetic Acidosis or 
Coma. Seymour S. Kety, M.D., B. 
David Polis, M.S., Carl S. Nadlek, 
M.D., and Carl F. Schmidt, M.D. (Dept, 
of Pharmacology, Univ. of Penna., and 
Metabolic Sermce, Phila. Gen. Hosp.). 
During the past year 13 patients admitted 
to the Metabolic Ser^^ce of the Phila- 
delphia General Hospital in severe diabetic 
acidosis or coma have been studied from 
the point of \dew^ of cerebral blood flow 
and metabolism in an effort better to de- 
fine the biochemical and physiologic de- 
rangements w’hich occur in this disease. 
The group consisted of 7 males and 6 
females; the average age was 43. The 
mean for blood glucose concentration wiis 
560 mg. %, for arterial CO- content 
12 vol. %, for pH 7.06. Seven patients 
recovered and were ultimately discharged 
from the hospital; the remaining 6 died 
within 24 hours of admission. These 2 
groups do not differ significantly with 
respect to age, pH, COj, glucose, blood 
electrolyte patterns or cerebral blood flow 
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on admission. The group which ulti- 
mately recovered, however, exhibited low- 
er blood ketone concentrations, higher 
blood pressure, better mental status and 
higher cerebral oxygen consumption at 
the time of the initial studies. Cerebral 
oxygen consumption appears to have con- 
siderable prognostic value and there is 
evidence for a critical level of cerebral 
metabolic activity, values below this 
being incompatible with recove^3^ 

Cerebral blood flow is not significantly 
different from normal and is not correlated 
with recover3\ This argues against circu- 
latory failure as an immediate cause of 
the disturbances in cerebral function. 
Cerebral blood flow is well correlated with 
arterial pH as is also respiratory minute 
volume. These correlations in the face of 


extremely low CO2 tensions in arterial 
blood speak for hydrion concentration 
rather than CO2 as an important mediator 
of these functions in this condition. 

Cerebral metabolic rate (measured as 
cc. of O2 utilized per 100 gm. of brain per 
minute) is well correlated with mental 
state in these patients. It is not correlated 
with either cerebral blood flow or arterial 
pH, thus indicating that cerebral depres- 
sion in this condition is caused neither by 
decreased blood flow nor acidosis. There 
is a good correlation, however, between 
decreasing cerebral metabolism and ketosis 
in these patients before and after treat- 
ment. Further studies may show a causal 
relationship here or elucidate an even more 
fundamental mechanism upon which botlr 
are dependent. 
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CuRAHE Intocostrin. Unsigned Abstracts 
with Introduction by H. Sidney New- 
comer, M.D., Medical Director of E. R. 
Squibb & Sons. Pp. 292. New York: 
E. R. Squibb, 1946. 

This book aims to acquaint the medical 
profession with the many new and important 
clinical possibilities of intocostrin, a phj'sio- 
logicaUy standardized curare preparation. 
It is a compilation from scientific contribu- 
tion concerning intocostrin and other curari- 
form drugs. The book is arranged in 2 sec- 
.tions: the first section is devoted to papers 
concerning historjq pharmacologj' and chem- 
istry, the second to those concerning the use 
of intocostrin in anesthesia; shock therapy; 
spasticity, rigidity and tremor; poliomyelitis; 
endoscopy; tetanus convulsions; and the 
diagnosis of myasthenia gravis. An author 
index and a subject index provide concise 
reference to the recent literature on the 
subject of curare. This book accomplishes 
its purpose in serving to facilitate the studj' 
of those interested in the pharmacology and 
chemistry of curare and in maldng available 
the essential knowledge thus far obtained on 
its therapeutic uses, C. L. 


A History of Medicine. By Douglas 
Guthrie, M.D., F.R.C.S. (Edin.), F.R.- 
S.E. With an Introduction by Samuel C. 
Har-^hy, M.D., FA..C.S. Pp. 449 ; 78 
plates. Philadelphia: Lippincott, 1946. 
Price, 85.00. 

The Preface to Osier’s Silliman Lectures 
delivered at Yale University in 1913 on 
“The Evolution of Modem kledicine” con- 
tains a quotation from a letter written by 
Sir William to one of the editors in which 
he describes these Lectures “as an aeroplane 
flight over the progress of medicine through 
the ages,” a description which could verj'- 
aptly be ascribed to Dr. Guthrie’s charming 
volume. As he states in his Preface he has 
attempted to "construct an outline of the 
progress of medicine from the daj’s of 
Imhotep to those of Sir Wiliam Osier. An 
outline does not aim at finality, and many 
worthy names have been omitted in order 


that the story may not interest by being 
overweighted with details.” We think he 
has succeeded in his aim. This book recalls 
to mind that of Withington, which Osier 
admired so much, “Medical Histor}' from 
the Earliest Times.” Beginning with a 
brief yet sufficient outline of prehistoric 
medicine, Guthrie continues Mth chapters 
on the medicine of the Egj^ptians, Greeks, 
Romans and Arabians, and the Medieval and 
Renaissance periods. Scientific medicine 
really began with Vesalius, and went through 
a long labor in which it was assisted by 
Harvey and the microscopists von Leeuwen- 
hoek, Swammerdam, Hooke, and the anat- 
omists de la Boe, Ru5'sch, Willis, Glisson and 
many others. As might be expected Guthrie 
is particularly to be commended for his 
story of the development of medical science 
in Scotland under the Monros, Cullen, and 
of the continuance of their work in London 
by their feUow-countrjmen, the Hunters. 
There were giants in surgery in the early 
18th and 19th centuries both in Great 
Britain and on the Continent, particularly 
in France. In London, Astley Cooper, 
Brodie and Abemethjq in France, Larrey 
and Dupuytren were great surgeons, and in 
Paris, Laennec, Cqrvisart and Bichat drew 
pupils from all over the world. 

In the middle of the centiuy' Clio Medica 
moved to Germanj'' and, until the beginning 
of the World War I, men like Koch, Virchow, 
Ehrlich and others were the great leaders. 
In the middle of the 19th centurj’^ Pasteur 
in France was easily^ the greatest medical 
scientist of his day, and Lister in England 
the foremost scientific surgeon. Guthne 
devotes adequate chapters to military and 
naval surger}’ and the conquest of tropical 
diseases; the rise of specialism and preventive 
medicine, and concludes with an e.xcellent 
chapter on medical journalism, bibliography 
and medical history'. Each chapter is fur- 
nished with adequate notes and reference.' 
and at the conclusion of the book there is a 
classified bibliography of medical history 
and an e.xcellent index. There are a few 
errors in the book, such as making William 
Penn, who died in 1718, a friend and con- 
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temporary of Dr. John Fothergill, who was 
born in 1712. It was Thomas Penn who 
was Fothergill’s contemporary and friend. 

The illustrations are notable, well chosen 
and reproduced. Dr. Guthrie’s book de- 
serves a warm welcome from all those "who 
are interested in the subject. Though not a 
work of reference, such as Garrison’s or 
Castiglioni’s, it covers the most important 
subjects in medical historj’' from the earliest 
times to the present day in a most interest- 
ing manner, omitting little of real importance. 

F. P. 

Pneumoperitoneum Treatsient. By An- 
drew Ladislaus Banyai, M.D., F.A.C.P., 
F.C.C.P., Associate Clinical Professor of 
Medicine, Marquette University Medical 
School, Milwaukee, Wis., Member, Edi- 
torial Board, “Diseases of the Chest;” 
formerly Preceptor in Tuberculosis, School 
of Medicine, Universitj" of Wisconsin, 
Madison, Wis. Pp. 376; 74 ills.; 16 tables. 
St. Louis: C. V. Mosby, 1946. Price, 
S6.50. 

The author has gathered in compact and 
orderly form his observations and experiences 
in the use of artificial pneumoperitoneum 
since 1931. The book includes useful infor- 
mation on technique and the ph 3 'siologic 
and anatomic changes in the peritoneum 
during treatment. Complications such as 
air embolism, accidental pneumothorax, 
mediastinal emphj’sema, subcutaneous and 
pcriporitoncal emphj'sema, pneinnocele, urin- 
nrv retention, cardiac decompensation and 
unusual digestive .sjunptoins arc discussed. 
The 2nd section of the book takes up spccifi- 
call}’’ the treatment of tuberculous peritonitis, 
tuberculous enterocolitis and pulmonarj* 
tuberculosis with artificial pneumoperito- 
neum. The last 4S pages discuss numerous 
other applications of pneumoperitoneum 
such as trealinent of tuberculous empln*- 
soma, tuberculous salpingitis, puhnonarj- 
abscess and bronchial asthma. Dr. Ban.vai 
is conservative and t.akcs great pains to 
place artificial pneumoperitoneum treatment 
in its jiropcr position among all measures in 
the treatment of tuberculosis. The text is 
supiilcmonted by numerous reproduetions of 
llocntgcn ray films which are adequate to 
show the results obtained, although not of 
the highest qu.alit.v. This book .diould lie a 
useful addition to the library of any clinician 
who treats tuberculosis. ' ' H. C. 


Urologig Roentgenology. Bi" Miley B. 

Wesson. 2nd ed. Pp. 259; 25S ills. 

Philadelphia: Lea & Febiger, 1946. 

Price, S5.50. 

This edition of an already popular book 
contains a larger number of excellent illus- 
trations. The text has been kept brief yet 
fairly comprehensive. The book was origin- 
alty WTitten for those learning to interpret 
urograms, but many of the illustrated cases 
will be of interest to those with wider ex- 
perience. 

The technique of combined urography 
■with ureteral catheterization, described b}’’ 
the author, will not and should not be used 
by those not trained in cystoscopic work. 
Nor should it be used wdien demonstration 
of the physiology of the urinary system is 
desired. 

Despite published reports of pitressin 
“reactions” the author continues to advo- 
cate its use in the preparation of patients 
for excretory urogi-aph}'. 

These minor criticisms should in no way 
detract from the overall value of the book, 
for it remains a valuable addition to the 
library of the student of urography. 

C. P. 


Peptic Ulcer. By I. W. Held, M.D., 
F.A.C.P., Consulting Physician, Beth 
Israel Hospital, formerl}' Clinical Professor 
of Medicine, ISfew York University, Col- 
lege of Medicine; and A. Allen Gold- 
bloom, M.D., F.A.C.P., Assistant Clinical 
Professor of Medicine, New York Medical 
College and Flower-Fifth Avenue Hospital. 
Pp. 382; 110 iUs. Springfield, 111.: C. C 
Thomas, 1946. Price, S6.50. 

This pleasingh' printed and bound volume 
represents a wide personal experience with 
peptic ulcer and its complications. Well- 
organized with chapters on all phases of the 
problem, from pathogenesis to postopera- 
tive management, the text is profusety illus- 
trated and cas 3 ' to read. Considerable 
attention has been given to differential as 
well as to pathologic and roentgenologic 
diagnoses. The rarer t.vpes of peptic ulcera- 
tion as found in the esophagus, Meckel’s 
diverticulum and in childhood are discussed 
in detail. Numerous references are given, 
particularh" to the Gennan literature, and 
on controversial subjects the authors have 
summarized the divergent opinions. Thev 
have omitted from their discussion on treat- 
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ment, however, many of the recent American 
reports on such subjects as vagotomy for 
recurrent ulcer and the early feeding regi- 
men for gastro-intestinal bleeding. Like- 
wise no mention is made of the spot film 
technique in the section on roentgenologic 
diagnosis or of the work on effects of hor- 
mones on gastric function. Many will dis- 
agree with the emphasis placed on recurrent 
appendicitis as a factor in ulcer symptom- 
atology and gastric hemorrhage. This book 
may be read with profit but cannot be re- 
garded as an all-inclusive text. J. N. 


Doctors East, Doctors West. An Ameri- 
can Physician’s Life in China. By Ed- 
ward H. Htoib, M.D. Pp. 278; ills. 
New York: W. W. Norton, 1946. Price, 
83.00. 

Dr. Hxjme, the only American physician 
at the time in Bomba}', accepted a call to 
China in 1905 “to launch a university medi- 
cal school” (Yale-in-China). This book 
records, entertainingly, his life there “at a 
time when Westerns were beginning to try 
to understand Chinese medical thought, and 
when China was beginning to recognize the 
need of the western approach to scientific 
medicine.” The narrative of the author’s 
life at Changsha gives a good picture of the 
modem medical missionary’s work in his 
effort to build cultural bridges between 
nations of w'idely different histories and 
points of ^'iew. The author eventually re- 
tired from the Yale School, so as to turn 
over leadership to Chinese administrators; 
but, returning on a visit years later, he found 
“a good harvest.” The famous treks to 
Kweiyang and 6 3 'ears later to Chungking 
are described in a short epilogue. E. K. 


Strophanthin. Clinical and Experimental 
Experiences of the Past 25 Years. By 
Bruxo Kisch, M.D., fonnerl}' Professor 
on the Medical Facultj" of Cologne Uni- 
versity (German}'). Pp. 158; 24 figs. 
New- York: Brooklyn IMedical Press, 
1944. Price, .84.00. 

This monograph was written for the 
express purpose of acquainting American 
physicians with the continental attitude 
toward strophanthin therapy in the hope of 
influencing them to use intravenous sfro- 
phanthin in place of digitalis. Cardiolo^sts 
and other intcmisf.s will find in this book a 


review' of the literature, chiefly German, 
and a 29 page bibliography dealing with 
the pharmacology and clinical usage of the 
cardiac glucosides. American ph}'sicians 
have long been aw'are of the fact that intra- 
venous strophanthin produces its effects 
much more rapidly than do digitalis prepara- 
tions taken orally, and that consequently 
strophanthin is to be preferred in emergency 
cases of severe congestive heart failure. 
American physicians have long believed that 
oral medication, w'hen effective, is far 
superior to parenteral injections for the 
treatment of chronic diseases. Some physi- 
cians consequently will be annoyed by the 
author’s insistence upon the superior virtues 
of strophanthin, especially since no new or 
noteworthy experimental evidence is pre- 
sented. 

It is true that powdered digitalis is not 
completely absorbed from the gastro-intes- 
tinal tract. Ideally, how'ever, digitalis^ is 
not given in fixed doses but in amounts which 
produce certain definite effects upon the 
patient. One hesitates to recommend rou- 
tine intravenous therapy, with strophanthin, 
digitalis or any other drug unless all other 
routes have been tried unsuccessfully. 

Cardiologists will be interested in many 
portions of this monograph, especially those 
reviewing foreign literature not widely 
quoted in this country'. J. C., Ir- 


Disorders of the Blood. By Sir Lionel 
E. H. Whitbt, Regius Professor of Physics 
in the University of Cambridge, and C. L 
C. Britton, Assistant Pathologist in the 
Bland-Sutton Institute of Pathology', Jlid' 
delsex Hospital. 5th ed. Pp. 665; 71 ills- 
and 15 plates. Philadelphia; Blakiston, 
1946. Price, -SIO.OO. 

This edition brings the literature up to 
early 1945, As in previous edition.s, it is a 
well-written and clearly worded textbook 
for students of hematology'. Since the first 
edition in 1935, an outstanding feature has 
been the addition of a summary' at the end 
of each chapter. The following subjects 
have been rerised since 1942: origin and 
development of blood cells, hemoly’tic an^ 
mias, anemias of infancy' and childhood, 
hemagglutination, and blood transfusion and 
technique. Other subjects have been brought 
up to date, but apparently' the book went 
to press before the advent of folic acid .and 
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there is no mention of the work of Winsor 
and Burch on sickle cell anemia. There is a 
laudatory attempt to simplify and clarify 
the nomenclature but it continues to be 
somewhat confusing — a fault of the science, 
not of the authors. The authors continue 
to emphasize that changes in the blood are 
most often secondary' to disease which is 
primary in sj^stems other than hemopoietic. 

W. W. 


The Endeavor of Jean Fernel. With a 
List of the Editions of His Writings. By 
Sir Charles Sherrington, O.M. Pp. 
223; 27 ills. Cambridge: University 
Press, 1940. Price, S3.50. 

This book, which had its origin in a 
Vicary Lecture given b}’’ its distinguished 
author, deals with the outstanding reform 
of medicine of the 16th centur}’' accomplished 
b}’’ the most learned physician of his time, 
“one of the relativelj’’ few who as they enter 
advanced j'^ears grow more modem.” The 
same statement might be made about the 
author of this book, who has brought to it 
a freshness of material, point of view and 
diction that might well be emulated by 
younger writers. 

Fernel’s Be Natxiralc Parte Medicinae 
(1542) is named by Sherrington as the first 
separate treatise on iihysiolog>" composed in 
13 centuries, i. c., since Galen’s Be Usxi 
Parthnn. Written, however, SO years before 
Harvey’s discovery of the circulation of the 
blood, and without benefit of chemistry or 
microscope, it treats of such matters as the 
Elements, Temperaments, Humours, and so 
on; and, as Fernel himself observes, "in 
passing from anatomy to ])hysiolog 3 ’^ . . . 
we jiass from what we can see and feel to 
what is known only by meditation.” In his 
late fifties, while conducting a huge practice, 
Fernel composed Medievm (1554) (published 
also ])Osthumously, 1507, as Universa Mcdi- 
cina). This is part of what was a never-to- 
be-completcd sj'stem of medicine and con- 
sists of the Be Kalitrali (here called Physio- 
logia), Polhohgia, and Thcrapcutica. The 
Patliolog}-, Fernci’s best knoivn book, has 
been highly and deservedly praised. Vari- 
ous ]irintod portraitvS of Fernel arc discussed 
in the text and in Note XI; his full-length 
portrait on the title page of the 1057 Elzc\ur 
C cLus might well have been included. 

1 he list of editions of Forncl's UTitings 
and the biographic notices, which include a 


translation from the Latin of Plancy’s Life, 
complete this admirable production, w'hich 
offers in unusually pleasant form an enter- 
taining picture of 16th centurj'- French 
science as well as a sjunpathetic tribute 
from an old admirer to a great physician and 
“modern man.” E. K. 

The Modern Treatjegnt of Diabetes 
Mellitus. B}’’ William S. Collens, 
M.D., Chief of the Diabetic Clinic 'and 
Clinic for Peripheral Vascular Diseases and 
Associate Visiting Physician, Israel Zion 
Hospital, Brookl}^, etc.; and Louis C. 
Boas, M.D., Assistant in the Diabetic 
Clinic and Clinic for Peripheral Vascular 
Diseases, Israel Zion Hospital, etc. Pp. 
514; 193 figs. Springfield, 111.: C. C 
Thomas, 1946. Price, S8.50. 

Diabetes. By Henry J. John, M.D., 
F.A.C.P., Lt. Col., M.C. With a Fore- 
word by Dr. William S. Middleton. 
Pp. 300; 74 figs. St. Louis: C, V. Mosby, 
1946. Price, S3.25. 

Both monographs aim to guide the physi- 
cian in the management of diabetes mellitus. 
Differences in procedure are apparent. As 
examples: the usefulness of postprandial 
blood sugars is overlooked by Drs. Collens 
and Boas but is emphasized by Dr. John. 
The former emploj" glycosuria, and particu- 
larly the quantitative urinarj’- excretion of 
glucose, as a basic guide to treatment. The 
latter discusses quantitative gl 3 'cosuria ade- 
quatelj" but so brieflj’- that it is obscured bj^ 
his emphasis on the blood sugar in the ad- 
justment of treatments. There are, of course, 
numerous items in both volumes which will 
evoke marginal pencilling bj' some readers; 
but these details should not obscure the 
fact that both books are Eatisfactor 3 ’’ guides 
to the diagnosis and treatment of diabetes. 
In both, much of the language is that which 
the phj’sician will use to instruct patients 
and both contain the usual diet lists, tables 
of body weight, etc. 

In the monograph bj' Dr.':. Collens and 
Boas, the use of the glucose equivalent of 
insulin as a means of estimating the dose of 
insulin is adequate!}' counteracted b}' their 
detailed directions for the follow-up ob- 
servation of patients. Their series of chap- 
ters in which the treatment is related to the 
severity of diabetes and the type of patient 
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comprises one of the best presentations of 
practical management that has been made. 
The chapter on juvenile diabetes is good. 
The chapters on the complications of dia- 
betes are concerned primarily vith the influ- 
ence of these complications on treatment 
and are not sources of statistical information. 
The chapters on peripheral arteriosclerosis 
present a practical smnmary of the methods 
of diagnosis and treatment used in today’s 
vascular chnics. FinaUj’’ the headings, out- 
line and format are such that thej’’ should 
make this volume convenient for rapid 
reference. 

In Dr. John’s manual, the hypothesis that 
h3T5ergtycemia from anj"^ cause maj’’ pro- 
duce injury of the islands of Langerhans is 
accepted as the basis for the accurate con- 
trol of diabetes bj*^ means of blood sugar 
determinations. There are no directions for 
the technique of insulin administration, 
which phj^sicians know anyhow. The out- 
line format is lacking. The text covers most 
of the problems of diabetes which confront 
phj'sicians and supplies concise answers 
from the author’s large experience. The 
charts and case reports pro^’ide a com- 
pendium of contributions. The chapter on 
diabetes in children is especially good, and 
the collection of “do’s and dont’s’’ con- 
denses some of the wisdom, aphorism and 
enthusiasm which permeate this book. 

In summarj’-, both of these monographs 
may be recommended. The differences in 
style, arrangement and vie^vpoint suppty 
ph 3 'sicians with a choice of counsel for a 
single purpose, namety, good care of the 
diabetic. F. L. 


Skin Diseases, Nutrition and Metabo- 
usii. B 3 ’^ Erich Urbach (coUab. Edward 
B. LeWinn), Associate in Dermatolog 3 ’, 
University of Penns 3 dvania. Pp. 597; 
266 ills.; 112 tables. New York; Grune 
& Stratton, 1946. Price, §10.00. 

The importance of food in maintainiag 
a balance of well-being and the use of diets 
to correct disease are ancient but sound 
conceptions. This rationale and elaboration 
have developed through extensive research 
in the physiology and chemistiy of metabo- 
lism, with a literature now voluminous, 
Urbach has carefully catalogued the progress 
to date and together with his oum investiga- 
tions has produced a manual on the effect 
of food on the body in health and disease. 
While the main thesis is concerned with the 
effects on the skin, the volume holds much 
of interest to the internist, the allergist, the 
dietitian and the ph 3 'siologist. The sections 
on nutritional causes and nutritional ther- 
ap 3 ’’ of sldn diseases are compact but com- 
plete and vtII be greatty welcomed b 3 ' an}'- 
one who has bad to deal with such refractor}’ 
conditions as the various forms of eczema, 
the acnes, urticaria and ’the increased num- 
ber of recognizable vitamin deficiencies, hi 
addition, there are sections on the influence 
of nutrition on the pb 3 ’ 6 iology of the skm, 
ch’et in metaboh’sm, food allergies and the 
relationship of internal disease and the skin. 
The inclusion of a variety of tables, and 
practical illustrative diets, adds greatl}'. 
The illustrations are well chosen, and 
entire format is excellent. An index of sub- 
jects and index of authors are included. 

R. G. 
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CLINICAL FEATURES OF PATENT DUCTUS ARTERIOSUS WITH SPECIAL 
REFERENCE TO CARDIAC MURMURS 
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AND 

Albert E. Geremia, jNI.D. 

■ BOSTON, MASSACaXJSETTS 

(From tho Medical Clinic of tlic Peter Bent Brigham Hospital and the Department of Medicine, 

Harvard Medical School) 


Now that cevtuiii types of congenital 
heart disease may be treated successfully 
by surgery, accurate diagnosis is no longer 
a purely academic or intellectual endeavor. 
Until a few years ago many physicians 
were satisfied if they could establish the 
fact that a given heart was diseased or 
abnormal. A smaller number would suc- 
ceed in deciding that a cardiac abnormal- 
ity, when present, was congenital, but 
only a few felt competent to make an 
accurate anatomic diagnosis of the abnor- 
mality. To be sure, with increasing inter- 
est and largely through the stimulus of 
painstaking work of the late Maude 
Abbott, knowledge concerning congenital 
heart disease was becoming more general 
and more definitive during the past 2 
decades. Until the splendid report of 
Gross and Hubbard," of the surgical treat- 
ment of patent ductus arteriosus, it re- 
mained a matter of no great consequence 
whether the exact anatomic lesion could 
be rccogmV.cd, when congenital heart dis- 
ease was present. Tlierapy was very limit- 
ed, consisting mainly of hygienic and of 
symptomatic procedures, the occasional 
use of phlebotomy and oxygen, and com- 
bating or preventing infections. Witli 
the introdvietion of surgical treatment, 
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the situation has entirely changed. M- 
ready many cases of patent ductus arterio- 
sus have been cured, patients with tetral- 
ogy of Fallot have been helped,^-- coarcta- 
tion of the aorta has been relieved by 
operative methods,® and finally constric- 
tion of the trachea from congenital vascu- 
lar ring or right aortic arch has been 
treated successfully.® It is therefore neces- 
sary for physicians to become more fam- 
iliar with the means of accurate diagnosis 
of congenital heart disease. 

Inasmucli as simple bedside findings 
will always remain the bulwark of clinical 
diagnosis, it seemed appropriate to re- 
view a group of well-authenticated cases 
of patent ductus arteriosus and analyze 
some of the features they presented, par- 
ticularly those obtained by auscultation. 
It is clear, that in the great majority of 
instances, the finding that initiates any 
consideration on the part of the physician 
of the possibility of patent ductus arterio- 
sus will be the detection of a cardiac 
murmur. It is well knowni that t})e 
classical “machinery murmur” in the 
pulmonary area is fairly characteristic of 
patent ductus arteriosus. It has become 
quite e\'ident, however, that witli increas- 
ing experience the murmur is by no means 
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always characteristic and often has no 
machinery qualit 5 '. It is now necessary 
to recognize cases that display atypical 
murmurs and to become familiar with the 
general range of the loudness and the 
peculiarity of the murmurs. One might 
ask whether patent ductus arteriosus maj-^ 
ever be present ■ndthout any murmurs at 
all, or with only a systolic component. 


that 11 were of Grade 3 intensity, and 
1 was even called Grade 2—. This means 
that many cases showed what ordinarily 
is designated as a moderate systolic mur- 
mur and that rarely only a slight murmur 
was present. In 21 instances the intensity 
of the diastolic component was carefully 
noted preoperatively and the average 
intensity was found to be Grade 3.1. In 
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Fic. 1. — Phonocardiogram (pulmonary area) and electrocardiogram (Lead 2), before and alter 
section of patent ductus. Note continuous murmur (above) with accentuation at end of systole (S) 
and beginning of diastole (D). Clinically it was of Grade G inlcn.sily. After operation only a fanit 
systolic murmur (S) remains. 


Mur-MURS. For this purpose 37 cases 
of patent ductus arteriosus, in which the 
diagnosis was confirmed at operation by 
Dr. II. E. Gross, were analyzed. All but 
1 of these were over 12 years old, the age 
ranging from 7 to 47 years, the average 
being 24 years. Our first interest was 
the intensity of the murmur. The loud- 
ness was indicated by' gradations I to 6, 
nccording to the suggestion reported in an 
e.trlicr publication.''’ In 2o instances in 
which accurate estimation of the intensity 
of the murmur In' a competent observer 
was made preoperatively, the average 
intensity of the sy.stolic component was 
found to he 4. It i.s of considerable interest 


no instance was the diastolic component 
louder than tlie systolic, occasioniiity [t 
was of the same intensity but generally it 
was fainter by 1 or more gradution.**. 
A peculiarity commonly observed va.-’ 
tliat the murmur appeared to hecoiue 
louder during the latter part of systoh- 
enveloping the second heart sotini , 
and continuing with decreasing intcmit.' 
during diastole* (Fig. 3)- I 

diastolic murmur wiis faint enougii to I’*' 


called Grade 2, and in 1 instance it 
only Grade 1 (Fig. 2). In fact, tiie di.v- 
tolic murmur in this latter case was ?o 
faint that it could he detected only after 
prolonged and undistiiri>cd miseuilatioiu 


* Dr. John P. Iliibbnrd mllotl oiir .nttontion to tlib pcculi.nrity .“ovcml ye.ors ngo. 
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Although there was no instance in this 
series in which no murmur at all could be 
heard, rare cases of this type have been 
reported® (Case 3). In another instance 
the murmur was found to disappear during 
the last month before death.'* 


The murmur was generally loudest in 
the so-called pulmonary area (second left 
interspace) but occasionally had its maxi- 
mum intensity in the first or third left 
interspace. When it was very loud it was 
widely distributed, .so that it could be 
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Pig. 2.— Clinically tlio systolic marmur was Grade 2 and the diastolic Grade 1 in intensity pveopera- 
tively and oitly Grade 1 sy.slolic and no diastolic post operatively. Note that the phonocardioRmins 
show faint murmur. (S = .systole, D = diastole, Si = first .sound, S: = second sound.) 
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heard throughout the back of the chest 
and even at times down the arm, to the 
olecranon process of the elbow (Fig. 3). 
It is clear, therefore, that its detection in 
the back was merely a reflection of its 
intensity and did not indicate a concomi- 
tant coarctation of the aorta. Attention 
is called to this obser^'ation because the 
presence of a systolic murmur in the inter- 
scapular region has at times been regarded 
as e\'idence of coarctation of the aorta. In 
a rather e.xtcnsive study of cardiac mur- 
murs it has I)ecome apparent tiiat any 
loud murmur (Grades o and (i) can be 


systolic murmur was present which gener- 
ally was of Grade 2 intensity, but occa- 
sionally fainter or louder (Grade 1 or 
Grade 3 to 4). It is of interest that in 
some patients the continuous systolic and 
diastolic murmur (though fainter) was 
also present at the ape.v, and in 4 cases 
a definite mid-diastolic murmur was 
audible, quite unlike the diastolic murmur 
heard in the pulmonic area and resembling 
a murmur of mitral .stenosis. This mur- 
mur may very likely Ije due to the rapid 
inflow of blood from auricle to ventricle 
in early diastole. 
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Fig. 4. — Note that in coarctation of tlie aorta the systolic murmur (S) is only a little louder in the fronl 
of the chest than in the back. Contrast this with FiRure .3. 



heard clearly in the back and that the 
characteristic of coarctation of the aorta 
is the fact that the murmur is almost 
as loud in the back as it is in the front 
of the chest (Fig. 4). The reason for this 
is obvious, for in the latter condition the 
origin of the murmur is in the arch of the 
aorta, which is deep in the chest, almost 
as near to the back as to the front. 

Apical systolic murmurs were always 
present in these cases. It is difficult to 
know whether these apical sj'stolic mur- 
murs had an origin other than the patent 
ductus arteriosus, for in most cases the 
basal murmurs were loud enough to be 
transmitted to the apex. In all. an apical 


After a successful operation one would 
e.xpect the murmurs due to patent ductus 
arteriosus to disappear. Although this is 
commonh' the result, it is by no means 
invariable. In the majority of instance;- 
no murmurs were present several da.'S 
after the operation. It is not possible to 
e.xamine many cases satisfactorilj' until a 
week or so has elapsed because of the 
surgical dressings covering the chest. In 
a few, postoperative pericarditis produced 
a to-and-fro pericardial friction rub which 
somewhat imitated the preoperative to- 
and-fro murmur of patent ductus arterio- 
sus. In others a slight systolic murmur 
persisted in the pulmonary area for a fen 
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days and then disappeared in about 
2 weeks. During 1938 and 1939 when 
the duct wfis ligated rather than divided, 
there were isolated cases of recanalization 
with consequent reappearance of the con- 
tinuous murmur. ■\’\9ien this occurred, 
the murmur was less loud than the 
original one. There is also an instance 
in which a systolic and diastolic murmur 
persisted along the left upper sternal 
border. This occurred in a case of sub- 
acute bacterial endocarditis in which vege- 
tations were found on the aortic valve 


functional basal systolic murmurs. It is 
apparent that the persistence of a slight 
systolic murmur is not to be regarded as 
e\'idence of inefficacy of the operation. 
The persistence of a basal systolic and 
diastolic murmur maj"^ be interpreted in 
1 of several ways: namely, recanalization 
of the duct, the presence of bacterial endo- 
carditis of the aortic valve or an additional 
anatomic lesion such as coarctation of 
the aorta or some other congenital abnor- 
mality. It is of interest that a diastolic 
murmur did not persist in an}'^ case in this 
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Fio. 5.— T^^ 1 ica\ rn'-p of imtcnt ductus before .and after .Mirres«fid oiieratiou, slioa-iiiK pensistcnce of a 

Grade 2 pulmonary hystolie murnmr. 


though the ductus had been ligated .stic- 
ccssfully. The most significjint observa- 
tion in the postojterative study was the 
fact that the slight pulmonic systolic mur- 
mur (Grades 1 and 2) may jtersist for !i 
considerable time after succe.ssful division 
of the ductus (Fig. 5). Although such 
umrmurs may disajtjtcar within a week or 
2, they also may persist as long as 1.3 
mouths. Such basal systolic murmurs may 
possibly be explained on the basis of extu- 
tinued tlilatatiou of the pulmonary artery 
or may have the same tleljatable signifi- 
eauce ascribed to other imxmsctiuential or 


.'Series Jifter succcssfid division of the duct 
except for the occasional instance of bac- 
terial endocarditis involving the aortic 
valve. 

TurnLLs. A definite palpable .systolic 
thrill was present in 21 of the 37 case.s. 
Ibis was maximum in the second and 
occasionally in the first left intersj)acc. 
It was always sv’stolic in time but occa- 
-sionally continued well into diastole. In 
a few instances, especially in thin-chested 
individuals, where the murmur was verv 
loud, the thrill wjis palpable over most 
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of the precordium, and even extended 
above tlie clavicle. 

Blood Pressure. A re\'iew of the 
blood pressure readings before and after 
operation confirmed what is quite well 
known, namely, the pulse pressure is in- 
creased in patent ductus arteriosus, and 


The range of the preoperative systolic 
levels was from 90 mm. to 172 mm. and 
the diastolic from 0 to 82 mm. The cor- 
responding postoperative range was from 
100 mm. to 170 mm. systolic and 50 to 
84 mm. diastolic. It is of interest that 
the average systolic pressure was not 
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Fig. 6. — E.sceptional case showing right axis deraation in the iimb leads before operation and normal 
axis after operation. The continuous murmur disappeared. 


the levels return to normal after treat- 
ment. The average preoperative reading 
in this series was sj-stolic pressure 122.5 
mm. Hg and diastolic 57.3 mm. Hg and 
the corresponding postoperative readings 
were 124 mm. and 78.5 mm. The pulse 
pressure, therefore, decreased from an 
average of 65.2 mm. to 45.5 mm. Hg. 


altered by the operation, but the diastolic 
rose 20 mm. Hg. Although low diastolic 
pressures are characteristic of this condi- 
tion there were exceptional instances m 
which the diastolic pressure was as high 
as 75 mm. and even 82 mm., when the 
systolic level was not over 110 min. Hg 
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Electrocardiograms. There were 34 
cases in which preoperative electrocardio- 
grams were available for study. The 
most important observation was that 
right axis deviation was found in only 
1 instance (Fig. 6). Four showed left axi.': 
deviation, the others had a normal elec- 
trical axis. Sinus arrhythmia was present 
in 9, premature ventricular beats in 3, 
premature auricular beats in 2, intraven- 
tricular block occurred in 2 and a short 
P-R interval measuring 0.12 second witli 
a QRS of O.OS second in 1 case. There 
were 2 in which the ventricular complexes 
were decidedly abnormal, with iin'ersion 
of the T waves in Lead 1 and Lead 2 not 
due to digitalis. The only electrocardio- 
gram changes that took place postopera- 
tively were those that could be ascribed 
to an associated pericarditis and accumu- 
lation of pericardial fluid that may follow 
the operation. Some developed a lowering 
or flattening of the T waves in Lead 1 and 
Lead 2 and in a few instances the T 
waves became slightly inverted. In .sev- 
eral cases tracings taken some months 
later showed complexes tending to return 
to a preoperative configuration. 

SvMin'OMS. The presence or ab.sence of 
symptoms and tiie type of complaint.'^ 
among these ea.scs were studied. De.spite 
the fact that there was no evidence of 
right to left shunt or any other congenital 
abnormality apart from patent ductus 
arteriosus in any of these eases, 3 were 
said to have been a “blue baby” at birth. 
No significant limitation of physical activ- 
ity was present in 31 of the 3G cases. The 
other 5 had slight to moderate restriction 
in activity because of varying symptoms 
such as breathle-ssness, fatigability ami 
palpitation. Breathlessness on effort of 
a slight to a moderate degree occurred 
in M cases, 2 of which also complained of 
orthopnea and an additional one had par- 
oxysin.nl nocturnal dyspnea. For the 
most part, when shortne.ss of breath was 
a complaint it consisted of a feeling of 
Im'athle.ssnc.'^s on running, jdaying or 
cliinhiug stairs. In .'^ome ca.-’es the-'-c 
symptoms developed only in the last 


months or year before operation. Pain 
in the precordium was quite common, oc- 
curring in 12 patients. This did not have 
the character of anginal pain, generally 
was localized in the left breast or apical 
region and was either of a stabbing momen- 
tary nature or consisted of a mild steady 
ache. It was not constricting or sternal 
in type. Palpitation was common in these 
patients, occurring in 16 instances. Faint- 
ing spells were noted in 2 and faint cj'anosis 
in 3 of this series. A past history of rheu- 
matic fever was striking by its absence in 
this group, though 3 had a past history 
of nosebleeds and 1 of growing pains. 

An attempt was made to correlate the 
diameter of the duct as estimated by the 
surgeon with the loudness of the systolic 
component of the murmur. The cases 
were divided into 2 groups, those in which 
the systolic murmur was of Grade 4, 5 
and G intensity and the remainder of 
Grade 2 or 3 intensity. The average 
diameter of the former was ll.G mm. 
and of the latter 9 mm. There was enough 
overlui)ping of the 2 groups, hoAvever, to 
make it impossible to predict the size of 
the patency by the intensity of the mur- 
mur. As an illustration of this difficulty 
it was found that in 1 case, with a Grade 5 
systolic murmur, the diameter of the duct 
was G.5 mm., while in 2 other instances 
with Grade 3 murmurs the diameter ivas 
15 mm. It is obvious that many factors 
come into play such as thickness of the 
chest wall, hyperactivity of the heart beat 
and differences in pressure in the aorta 
ami pulmonary artery. Possibly the 
length of the duct apart from its width 
may affect the loudness of the murmur. 

Comment. The development of surgical 
methods of treatment for various types 
of congenital heart disease necessitates 
accurate anatomic diagnosis. The general 
physician, who will ordinarily be the 
starting jioint in any diagnostic investiga- 
tion, will have to become more alive to 
the importance of hitherto immaterial 
abnormal findings. The detection of 
cyanosis ami clubbing of the fingers is 
generally easy and ob\-ious. The finding 
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of cardiac enlargement is often difficult 
and only to be established accurately by 
Roentgen ray examination. For that rea- 
son it will be overlooked frequently. The 
presence of cardiac murmurs, however, 
ean be determined quickly by any practi- 
tioner, even if the interpretation may be 
difficult. For this reason, an analysis of 
37 authenticated cases of patent ductus 
arteriosus was made to determine some 
of the characteristics of the murmurs 
present. 

It can be said that all cases had mur- 
murs, best heard in the pulmonary areas. 
Generally the systolic components were 
moderately loud or quite loud (Grades 3 
to 6). The diastolic element was about 


inhalation of 100% oxygen. This latter 
test proved that the decreased arterial 
saturation was not due to a right to left 
shunt of venous blood into the arterial 
system, as that would not have been influ- 
enced by inhalation of 100% oxygen. It 
must have been due to changes in the 
diffusion of o.vygen in the lungs, similar to 
that observed in emphysema. This ease 
showed marked right axis deviation in 
the electrocardiograms (Fig. 7). It should 
be emphasized that occasionally the dias- 
tolic component of the murmur in the 
pidmonary area is so faint that it can 
easily be overlooked (Fig. 2). 

Isolated eases of authenticated patent 
ductus have been reported in wliich no 
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Fig. 7. — Rare case of patent ductus rvith marked right axis deviation. S and R indicate deptli an* 
height of the respective waves. Autopsy showed marked pulmonaiy arterial disease in addition to 
patent ductus. Patient was 37 years old. 


1 gradation fainter, though in this series 
every one had some diastolic element. 
There is reason to believe that rare cases 
of patent ductus exist in which no mur- 
murs or at least no diastolic murmurs may 
be audible. One case, not included in 
this series, has been studied having only 
a systolic murmur in which, though a 
significant patent ductus was present, the 
pulmonary arteries were so diffusely in- 
volved and the pulmonary arterial pres- 
sure so elevated that there was every 
reason to believe little, if any, flow was 
taking place through the patent ductus. 
Moderate cyanosis was present in this 
case and arterial oxygen saturation which 
was decreased to 82% rose to 100% after 


murmure whatever were present. Case 3 
of the series reported by Keys and Sha- 
piro^ was of this type. This 46 year old 
woman died of congestive heart failure. 
The blood pressure had been 142/40. The 
heart weighed 700 gm., and showed mark- 
ed right ventricular and some left ventricu- 
lar hypertrophy. A patent ductus 2 cm- 
long and 1.5 cm. wide was present without 
other congenital abnormalities. There 
was marked sclerosis of the ductus and 
pulmonary arter 3 ^ The latter and its 
branches were also considerablj’’ enlarged. 
A plausible explanation of the absence of 
murmurs was that the pressure in the pul- 
monary artery' was as great as in the 
aorta and therefore there was no flow 
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through the duct. There are also rare 
instances in which the characteristic mur- 
niur was noted to disappear in the last 
weeks of life.'’ Here also a change in the 
dynamics of the circulation with severe 
heart failure may possibly account for 
the lack of flow through the duct. 

Apical systolic murmurs were also in- 
variably present in these cases of patent 
ductus arteriosus. Occasionally a short 
faint mid-diastolic murmur was present 
at the apex suggestive of mitral stenosis. 
These murmurs either disappeared en- 
tirel 5 ’^ after successful operation on the 
ductus or there remained a slight pul- 
monary systolic murmur. The latter 
might persist for days or weeks and prob- 
ably is due to the continued dilatation of 
the pulmonary artery or to the same in- 
definite mechanism involved in many 
inconsequential pulmonary" systolic mur- 
murs heard in healthy young individuals. 
When a basal diastolic murmur persisted 
after operation it was found to be due to 
recanahV-ation of the ductus (in a few of 
the early cases in which the duct was 
ligated and not divided) or to bacterial 
endocarditis which had also involved the 
aortic valve. 

Electrocardiograms proved very helpful 
in diagnosis. Despite the fact that right 
.axis deviation is very common in various 
forms of congenital heart disc.ase, there 
was only 1 instance in which definite right 
.axis deviation w.as present (Fig. 6). In 
this ease it w.as thought at first that 
another congenital abnormality was pres- 
ent in addition to the patent ductus. The 
fact that all murmurs dis.appearcd .after 
«)I)er.ation ajid no otlier evidence was 
elicited of birthcr cardiac disease, the 
right axis deviation was thought to be 
due to concomitant pulmonary arteri.al 
disease and jndmonary hypertension. It 
is apparent, however, that the finding of 
right axis deviation shotdd make one 
strongly suspect that the diagnosis of 
patent ductus is iiu'orn'ct or that the 
patient has an additional lesion, such as 
indinouary stenosis. 


The diagnostic problem in exceptional 
cases may be very difficult. One instance, 
not included in this study, illustrates 
some points of interest. This young boy 
of 11 years had the classical machinery 
murmur at the base of the heart. The 
unusual feature was that it was much 
louder at the aortic than the pulmonary 
area. It was quickly surmised that he 
might have a persistent right aortic arch. 
The electrocardiogram, however, showed 
well-marked right axis deviation. At 
this point the diagnostic problem became 
too involved and it seemed advisable to 
stud.'v the problem by catheterizing the 
heart. This was done by Dr. Lewis De.x- 
teH and he was able to make a definite 
diagnosis of pulmonary stenosis^ patent 
ductus arterifsus and right aortic arch. 
This was a very vital examination as it 
indicated not only that the ductus should 
not be sectioned, but that the congenital 
abnormality required that short circuit. 
Tlic new operation dexdsed by Blalock 
and Taussig had already been functioning 
in this case. If the ductus had been sec- 
tioned the boy could not have lived or 
at least the condition would have been 
made much worse. 

Conclusion. A study was made of 37 
verified cases of patent ductus arteriosus 
with special emplmsis on the auscultatory 
findings before and after operation. The 
detection and proper interpretation of 
the murmurs are most iniportant in diag- 
nosis. Great variation in tluT intensity 
of the murmur was fouiul and many 
failed to show the classical machinery 
diameter. In some the .auscultatory find- 
ings were very inconspicuous. 

Electrocardiography is indirectly help- 
ful in diagnosis as only 1 case showed right 
axis deviation. 

In doubtful or puzzling cases catheter- 
ization of the heart will be nece.ssarv to 
estalilish an accurate and definitive pre- 
operative diagnosis. Only in this way 
will some c.ases avoid harmful surgerv. 
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There have been excellent reviews of 
infectious hepatitis written by many 
prominent authorities. Although epi- 
demics of the disease have been described 
for over a century, during the present war 
it has come into special prominence be- 
cause of the high incidence among both 
civilian and military populations in all 
parts of the world. Infectious hepatitis 
is now thought to be caused by a virus. 
Present evidence suggests that transmis- 
sion of the disease in epidemics may be 
by way of the gastrointestinal tract, 
although the respiratory tract as the 
important portal of invasion has been 
.suggested. It is considered a systemic 
infection with the most prominent symp- 
toms referable to the liver. While benign 
and rarely the cause of death, tlie disease 
can produce disablement for extended 
periods. This study is presented to illus- 
trate the clinical features, laboratory data, 
treatment, and criteria for disposition of 
a group of cases of infectious hepatitis. 

Procedure. This report is based on a 
study of 295 cases admitted to a general 
hospital in eastern France between Febru- 
ary 15 and June 14, 1945. All patients 
were isolated. On the day after entry, the 
blood count, icterus index and urine c.xam- 
inations were performed. Blood icterus 
determinations and pigment studic.s of the 
TJrine were rcpeate<l at o-tlay intervals 
throughout the hospital stay. 

Other l.'iboratory studies were performe<i 
•as indieate<l. Patients were seen by the 
mwlical ollicer daily, and change in phy.s- 
ieal status and symptomatology noted at 

’ Erv-M-nt n.Tiiri''.' Gi'oret' U:ii\ 

D O. 


frequent intervals. Length of hospitaliza- 
tion was determined by the clinical and 
laboratory features as well as by exercise 
tolerance as determined bj' a standardized 
reconditioning program. All patients were 
given a diet high in protein (2 grams per 
kilogram of body weight daily) and low 
in fat (less than 35 grams daily), the total 
caloric value being 2500 daily. The pro- 
tein intake was supplemented by feedings 
between meals of skimmed milk enriched 
with egg albumin. Cooperation of the 
patients in partaking of this diet was 
excellent. Plasma was given liberally to 
patients who appeared severely ill or who 
were unable to eat. Patients were followed 
until discharge to duty. If after 60 days 
of hospitalization, recovery was incom- 
plete, it became necessary to evacuate 
them from the theatre of operations. 

Clinical Features. A number of different 
disease patterns were noted. The types 
and distribution are shown in Table 1. 

Although the dominant form recognized 
was acute hepatitis with jaundice, which 
included all cases with icterus index above 
12, a number of cases without jaundice 
were seen. Save for the milder course and 
the absence of jaundice in the latter, the 
two groups were identiad. In patients 
with jaundice, the severity and duration 
of the illness was roughly proportional to 
the intensity of the icterus. A cl.assificii- 
tion based on the intensity of jaundice is 
presented (Tal)lc 2). 

Persistence of activity of the disease 
beyond GO days was arbitrarily called sub- 
acute }iej)atitis, as this period was the 

ii\ Mi-dic.-i! Div BMIiiici-r Ho-phal. 
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maximum allowed for retention of pa- 
tients in the theatre of operations. Al- 
though the tendency for this to occur 
varied with the peak icterus, even in the 
presence of hepatitis without jaundice it 
occurred in one-third of the patients. 

The incidence of icterus of various 
intensity is shown in Fig. 1. The greatest 
number of patients fall in the range 40 
to 49, with decreasing incidence at higher 
and lower levels. From this frequency 
flistribution curve we are led to believe 
that the apparent incidence of hepatitis 
without jaundice is fairly represented at 
being in the neighborhood of 10%. 


cases. Several other patients gave a 
history of isolated cases in their organiza- 
tions antedating the general dissemination 
of the disease throughout the unit by 
4 to 6 weeks. 

Onset. Although prominent in the 
onset of the disease was the well-known 
tetrad of anore.xia, lassitude, epigastric 
distress, and dark urine, it was noted that 
the types of onset could be sharply cat- 
egorized. ^Vhile in two-thirds of the group 
the disease was ushered in with an array 
of symptoms suggesting influenza,' in half 
of these patients the true diagnosis was 
suggested by the accompanying abdominal 


Table 1. — Classification or Disease Patterns 


Disease Pattern Seen Number of Cases 

1. Hepatitis, acute infectious, with jaundice 260 

A. With recovery within 60 days 142 

B. With residual subacute hepatitis after 60 days . . 83 

C. With relapse 36 

1. With jaundice 14 

2. Without jaundice 21 

2. Hepatitis, acute, infectious, without jaundice .... 35 

A. With recovery within 60 days 24 

B. With residual subacute hepatitis after 60 days . . 4 

C. With relapse ” 

1. With jaundice 3 

2. Without jaundice 4 


Table 2. — Classification of Degree of Sevebitt Based on Intensitt of Icterus 

Number Requiring 


Categories 

Range of 
Icterus Index 

Total Number 
of Cases 

Over 60 
Number 

Days 

Per Cent 

Veiy severe . 

Over 100 

9 

9 

100 

Severe 

70-100 

26 

23 

80.7 

Moderate. 

40-70 

111 

50 

45. 0 

MUd .... 

10-40 

114 

36 

31. C 

Non-icteric . 

Below 10 

36 

11 

31.3 


Incubation Period. Incubation period 
as estimated from this series falls into the 
accepted 3- to 6-week range Two of the 
patients had been in this theatre of oper- 
ations for only 5 weeks and i\dth a unit 
in which an outbreak of hepatitis occurred, 
for only 25 days. Another group of pa- 
tients were members of the organization 
which began drinking unchlorinated water 
directly after arrival at a new area; during 
the following few da.vs many cases of 
diarrhea appeared, and 3 iveeks later the 
first case of jaundice was noted, following 
shortly thereafter by a number of other 


symptoms and dark urine. In the remain- 
der of this group a few days elapsed before 
evidence of hepatic involvement was 
noted. In the patients showing an insid- 
ious onset, it was not uncommon for the 
first complaint to be dark urine, although 
the debilitating malaise and severe an- 
orexia were usually more prominent. The 
small group complaining mainly of ab- 
dominal pain and anorexia were occasion- 
ally diagnostically troubling and at times 
simulated appendicitis or even renal colic. 

SniPTOiis. The frequency of various 
symptoms on entr.v are shown in Table 4. 
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Fio. 1. — Distribution of peak icterus. 


Taiile S.—Types of Onset of Hepatitis in 295 Cases 


Tyiics of Onset 

Influenzal (sudden onset, chills or chilly sensations, 
generalized aching, lover, headache, with or with- 

Number of C.a.»es 

Per Cent 

out respiratory symptoms) .... 

Influenzal systemic symptoms with simultaneous 
signs and sjiuptoms referable to the liver (fever, 
generalized aching, headache, nnore.via, nausea, 

05 

32 2 

abdominal pain, dark urine) 

Insidious (malaise, lassitude, anorexia. iiauKPn 

99 

33 G 

abdominal pain, dark urine) . . . 

SO 

on o 

•Abdominal pain simulating the surgical abdomen . 

15 

5.1 


1 Aiii-n •!.— Symitoms .and Signs on Entry jn 260 Cases op Hep.vtitis with Jaundice 


S.vmpfoiii'i 

Anorexia . 

D.ark urine , 

Malaise . 

Nausea . 

Pain . . 

Chilly sensalioiis 
llc.ndaehe 
I'evcr 

EpiRastric "Imup" 

Vomiting ’ 

llo.arthurn . 
Con.xtip.ation . 

ItelunK . 

Altornaiin« cofi.s-ripation 

Uespiralory sj-urpioms . 
Chill.s 

lYiarrhca . . ' ’ 

Lijrhf Mix’l.s . . ' 

l\v¥uria ... 


and rliarrhea 


Number 

Per 

of Cases 

Cent 

. 250 

90,2 

. 245 

94. 1 

242 

93.7 

211 

SO.S 

ITS 

6S.4 

. 159 

60.9 

. MS 

50. S 

. I3S 

52.2 

. 125 

4S.0 

97 

37.4 

71 

27.4 

CO 

25.5 

60 

23.0 

a 5.3 

20.1 

53 

20.1 

42 

14.2 

37 

12.5 

32 

12.1 

. SO 

11.9 


Siitns 

Clinical jaundice 
Skin and eclctac 
Sclcrac only . 
Tenderness in RU 
Enlarged liver 
Adenopathy . 
Gcnoralirod . 
Cervical only 
Enlarged spleen 
Bradycardia . 

Fever . 

Rash . 

Herpes labialis 


Q or opig; 


istrninj 


Number 
of C.S5e.s 

236 
210 
26 
223 
ISO 
199 
101 
9S 
51 
105 
18S 
3 
6 


Per 

Cent 

90, 
SO, 
10 . 
So. 

69. 

70. 
3S. 
37. 
21 . 
40. 
72. 

1 . 


Cl o 01 1' r-> u5 o o c) ei o Cl 
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The same relative frequency was noted in 
patients without jaundice, save that in the 
latter dark urine was rarelj"- described. In 
all, anorexia was almost invariable and 
usually severe. Abdominal pain was de- 
scribed by most patients as dull and 
leaden, by a few as sharp and colicky. 
Although usuall 3 '^ noted as epigastric or 
right upper quadrant pain, it was fre- 
quently generalized. Manj' patients felt 
as though thej' had a “lump” in the epi- 
gastrium. A number complained of pain 
or a “tired” feeling in the back. 

Dark urine was frequent, but only 1 
patient in 8 reported light stools. Tran- 
sient burning dysuria Avas occasionallj' 
noted. Six patients in 10 complained of 
disturbed boAvel function, either diarrhea, 
constipation, or both. Headache, com- 
plained of on entry by 70% of the group 
Avas described by most as orbital or 
frontal; frequentlj’^ the orbital pain was 
“burning”, and patients noted aggraA-^ation 
of the pain on eye movement. 

About half of the patients Avith an influ- 
enzal type of onset had rhinorrhea, a fcAv 
sore throat, and an occasional one com- 
plained of a cough. Most patients, how- 
ever, suspected of haAung respiratorj' 
disease AA'ere under suspicion because of 
an undiagnosed febrile sjmdrome, rather 
than because of significant respiratory 
invoh'ement. FIa'c per cent of the group 
Avere admitted with a Roentgen-raj'-veri- 
fied diagnosis of primarj’- atypical pneu- 
monia. 

Itching Avas noted on entry in 20% of 
the group. Transient urticaria was re- 
ported by 3 patients, labial herpes by 
6 others. 

Signs. The liA^er was palpably enlarged 
on entry in two-thirds of the group, aver- 
aging 2 cm. below the right costal margin; 
occasionally in extremelj’- jaundiced pa- 
tients it was at the level of the umbilicus. 
It Avas noted that often when the liver 
edge could not be felt in the right upper 
quadrant, careful palpation in the epi- 
gastrium demonstrated its enlargement. 

Adenopathjq either generalized or cervi- 
cal onlj' was common. Barker' has placed 
some emphasis on the diagnostic helpful- 


ness of a single enlarged node behind the 
right or left sternocleidomastoid muscle, 
but such limited adenopathy was found in 
onty one patient. The nodes were usually 
small, averaging 1 cm., rarely twice this 
size, always soft and only slightijf tender. 
The spleen, moderately enlarged in one- 
fourth of the group, was firm and non- 
tender. 

Moderate bradycardia Ayas noted in 
40% of the group on entry, while fever, 
ranging from 99 ° F. to 101 ° F., was present 
in 70% of the patients. Occasionally it 
Avas higher, especially in the pre-icteric 
patient, rarely' reaching 105° F. Clinical 
jaundice was noted on entrj' in 90 % of the 
patients shoAving an elevated icterus index; 
of these one-ninth had scleral icterus only. 
Of the group not jaundiced on entry, a 
feAV had icterus indices between 10 and 13 
at the peak; the remainder were pre-icteric 
on entry, developing their jaundice while 
in the hospital. These patients on entry 
AA'ere indistinguishable from the group 
classified as hepatitis Avithout jaundice. 

Skin lesions on admission were rare. 
Tavo patients showed a faint macular 
erythema of the face and chest and in 
1 patient a papular eruption of the arms 
and trunk was noted. 

Course, and Duration. Symptoms 
obserA’ed during the hospital staj' Avere 
essentially the same as those reported on 
entry. In general the abdominal pam, 
anorexia and headache complained of 
during the pre-icteric period decreased m 
intensity with the development of jaun- 
dice, but pain in the epigastrium, right 
upper qua^ant, or small of the back per- 
sisted for 4 or 5 weeks in most patients. 
Pain and tenderness in one or both loAver 
quadrants was noted in 10 % of the group 
at some time during the hospital staj'. 
Malaise and anorexia subsided gradually, 
the malaise often being the last symptoms 
to leave. Bloating was described by 
almost all patients during the 3rd, 4th 
and 5th weeks of hospitalization. 

Itching, noted in only' 20 % of the group 
on entry'; was complained of at some time 
during the course by 70 % of the patients. 
Although mild and transient in most cases, 
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in a few patients it was severe and intrac- 
table for 3 or 4 days. 

The liver usually remained palpable and 
tender as long as pain persisted. Jaundice 
receded at a rate paralleling the blood 
icterus decrease. 

Duration of signs and symptom.s, al- 
though roughly proportionate to the 
intensity of the peak icterus, showed a 
certain constanc 3 \ In 50% of the mild 
group there was disappearance of clinical 
and laboratory evidence of continued 
activity by the 5th week. Twenty per cent 
required 6 weeks for complete remi.ssion, 
while the remainder eontinued to present 
symptoms after 60 days of hospitalization. 
The shortest recovery period seen in 
patients with icterus in the higher brackets 
was 6 weeks. The proportion of patients 
in each group not recovering within 60 
days has already been shown (Table 2). 
Patients showing hepatitis without jaun- 
dice required approximately the same 
length of time for recovery and showed 
the same tendency to pass into the sub- 
acute stage as the group classified as mild. 

Criteria used to determine recovery 
were modeled on those set forth by Barker', 
There included absence of pain or bloating, 
return of a feeling of well-being, absence 
of epigastric or right upper quadrant ten- 
derness, subsidence of hepatomegaly (or if 
the liver remained enlarged, absence of 
tenderness) and presence of normal appe- 
tite. Laboratory e\'idcncos were a normal 
sedimentation rate, normal icterus index 
for at least 2 weeks and urobilinogen in 
the first morning urine below the level of 
2.0 mg. per 100 cc. With these criteria 
satisfied, the patients were subjected to an 
increasingly rigorous 10-day program of 
physic.nl e.xcrcisc. If all of the above 
features remained unchanged, tlie patient 
was ready for discharge to duty, without 
fear of relapse. Failure to adhere rigidly 
to all of these criteria early in the program 
nece.ssilatcd re-adniission of a number of 
patients who relapse<l after being returned 
to duty. (Sec Case 123.) 

Uv.i..cl’SF,s. Most relajises were appar- 
ently due to excessive activity when the 
patient should have been at rest, too early 


reconditioning, or intercurrent infections- 
There were, however, sen'eral cases which 
relapsed in the absence of any of these 
factors. In this group of 295 patients, 
relapses occurred in 43 cases, that is, 1 in 
every 7. There was no apparent correla- 
tion between the intensity of the original 
attack and the incidence of relapse, nor 
between the presence of intensity of jaun- 
dice in the original attack and the presence 
or height of icterus in the relapse. One out 
of every 4 relapses was accompanied by 
jaundice. Three patients with typical 
bouts of acute hepatitis without jaundice, 
after 3 or 4 weeks of uneventful conva- 
lescence, relapsed and this time developed 
distinct icterus. 

In most cases the relapse was shown by 
return, after a symptom-free interval of 
a W'eek or more, of pain, malaise and ano- 
rexia, and was verified by return of or 
increase in adenopathy and in size and 
tenderness of the liver. Laboratory corre- 
lation was found in return of, or increase 
in, urobilinogenuria, increase in serum 
globulin, and elevated sedimentation rate. 
Wien jaundice developed during a relapse, 
return of icterus index to normal proceeded 
more slowly than in the initial attack. 

Relapses were noted as early as 3 weeks 
and as late as 3 months after the initial 
attack. There were never more than 
2 weeks of complete well-being between 
the end of the initial attack and the onset 
of the relapse. 

Complications. No deaths were noted 
in tin's series. In 6 cases, however, the 
picture said often to herald a fatal out- 
come was noted. This included sudden 
return of fever, extreme lethargy and 
drowsiness, severe nausea and vomiting. 
.411 6 had been deeply icteric, but the time 
that this picture appeared varied from 
1 to 4 weeks after the time of peak icterus. 
To all such patients plasma and, at times, 
intravenous glucose were given liberally 
until definite improvement occurred. In 
addition to the above group, 21 patients 
showed transient beha\-ior changes char- 
acterized by irritability, querulousness, 
drowsiness, insomnia, and tremors. One 
patient developed an apparently typical 
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Guillian-Barre syndrome during the 4th of symptoms. Rate of decrease of icterus 
week of the disease.^ was fairly constant and time required for 

It was noted that resistance to respira- return to normal is roughly dependent 
tory disease seemed slightly impaired in upon the peak achieved (Fig. 2). The 
the patient convalescing from hepatitis, longest period required for return to 
In 46 patients, about 15 % of the group, normal was 58 days, the peak icterus hav- 
mild episodes of nasopharyngitis devel- ing been 180. There was no plateau, the 
oped. Tlrree other cases developed follic- peak was rapidly reached and recession of 
ular tonsillitis. jaundice always started promptly. 

Gingivitis was noted in 13 cases. Skin Hemogram. Study of the hemogram 
petechiae were observed in only 2 patients, showed absence of anemia, normal total 
Melena was noted in 3 cases and epistaxis white blood count and a tendency toward 
in 2. Thirty-three patients developed reversal of the lymphocyte - neutrophil 



Fig, 2. — Relation betiveen peak icterus and time required for icterus index to return to normal. 


so-called "liver spots” during the 2nd ratio (Table 5). A slight increase in 

and 3rd weeks of the disease. These were eosinophils was noted in a considerable 

first seen as small (1 mm.) bright red areas fraction of the group. This feature has 

on the arms, chest, and upper back which not received emphasis previously. A check 

changed to brown in 24 to 48 hours. They of patients with other diseases showed no 

became progressively darker during the abnormal concentration of eosinophils, 

following week, after which they remained Atj'pical lymphocytes' which have been 

relatively unchanged throughout hospital- said to occur frequentlji in this disease 

ization. No spider telangiectases were were noted in 15 of 50 blood smears studied 

seen in the cases of acute hepatitis. with this in mind. 

Laboratory Studies. Icterus Index. Serusi Proteins. The level of serum 
.As indicated above, this test proved a proteins (copper sulphate method) and 

rough measure of severity of the disease, protein partition* was studied in 100 

and in general it was true that the longer patients. It was found that 81 cases with 

the time required for return of icterus clinical and other laboratory evidence of 

index to normal, the greater the duration persistent disease activity showed a level 

* Albumin was determined by precipitation with 22K% sodium sulphate followed by digestion and 
"Ncsslerization,” globulin by the difference between the total protein and albumin. 
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of serum proteins above 7 gm. per 100 cc. 
and serum globulin above 2.5 gm. Only 
3 patients, apparently well by all other 
criteria, however, showed this abnormality. 

Sedimentation Rate. Sedimentation 
rate (We-stergren) was normal during the 
early phase of the disease and if convales- 
cence was complete, at the close of the 
[)eriod of hospitalization. On the other 
iiand, during the 4th through the 8th week 
of the disease, if recovery was not com- 
plete, the sedimentation rate was moder- 
ately elevated (10 to 30 mm. per hour). 


and for the pigmentary changes, the urine 
was normal. In an occasional deeply 
jaundiced patient, the picture of so-cidled 
“bile nephrosis” appeared transiently, 
with a low specific gravity, moderate albu- 
minuria and bile-stained casts. Moderate 
glj'cosuria was noted on one or two occa- 
sions. Glucose tolerance studies of those 
patients failed to re^’ea^any abnormality. 

The significant urinary changes were 
those related to the pigment disturbance 
in this disease. The first voided morning 
specimen was found to be reliable for 
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% 



Number 




HcmoRnun 2^)5 

of Cs'es 

Per Cent 

White blood cell eonpcntratioii 

a-OOOO per c. mm. 

:io 

10 3 



fi-SOOO per c. mm. 

118 

40 0 



S-1 0,000 per c. mm. 

132 

44.6 



10-13,000 per c. mm. 

15 

5.1 

Eympliocytc!?. luiinljcr 


50-00 per 100 WBC 

S4 

28.5 



40-50 per 100 WBC 

06 

32.6 



30-40 per 100 WBC 

SI 

27.5 



20-30 per 100 WBC 

34 

11.4 

Neutrophils, number 

. . . • 

70-80 per 100 WBC 

10 

3.4 



60-70 per 100 WBC 

20 

9.8 



50-60 per 100 AYBC 

7S 

26 4 



40-50 per 100 WBC 

90 

.33.6 



30-40 per 100 WBC 

79 

26.8 

Monocytes, iiuinl)er. 

. . . . 

0-5 per 100 WBC 

55 

19 7 



5-10 per 100 WBC 

171 

57.0 



10-15 per 100 WBC 

60 

23.4 

Eo.sinophils . 


0-3 per 100 ATBC 

124 

41.3 



3-5 per 100 WBC 

97 

32.9 



5-10 per 100 WBC 

74 

25 8 

'I'ahi.i; 0.- 

-Levei, or 

.''laiUM Gi.onrLiN (100 Cases) 




Merc tliiiii C.r, Gm 

I.C 

S'- Uliiii 2 5 Gm 


Number e( 

p(*r 100 rc 


Dpr 100 rr 


Pn(icnt.<! 

Number Per Cent 

.Nmiiber Per Cent 

With active disease 

at 

52 SI .3 

1 

2 bS 7 

With apparent recovery 

30 

I 2 0 


5 !)7 1 


'J'his pro veil a valuable criterion of fitness 
of a patient for reconditioning or discharge 
to duty, ns well as often being the signal 
of a relapse. 

Kahn. The Kahn examination was 
Iierformed on the blood of 90 patients 
during the jire-icteric, early icteric and 
convalescent stages, as well as on the 
blood of patients in a relapse. In all cases 
the result was negative. 

I lUNE. In the majority of patients. 
.^avi> for slight albuminuria during the pre- 
icterie and early icteric phase of the disease, 


mea.snring biliniiria and urohilinogenuria'' 
and mucli less laborious than the 24-hour 
collection recommended by Watson.'"’ It 
has been shown that, using a modification 
of the Sparkman procedure for nroiiilino- 
gen determination, the presence of more 
than 2.4 mg. per 100 cc. of morning urine 
is abnormal.® 

The diphasic curve of urobilinogen e.x- 
cretion, described by others- in this disease, 
"^la.s noted in this .‘^tndy, with a prc-icteric 
rise in urobilinogen, and a drop as the 
icterns begins to recede. When jaundice 
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was extreme and bil’muria massive, the 
urobilinogen at the time of peak icterus 
decreased to normal or subnormal le%^els, 
a situation simulating obstructive jaun- 
dice (Fig. 3). In the cases of hepatitis 
without jaundice, the diphasic curve is 
not seen, and unless a relapse occurs, there 
is a continuous decrease in urobilinogen 
level from time of entry into the hospital. 
Abnormal amounts of urobilinogen in the 
urine were not only often the first labora- 
tory evidence of early hepatitis and incip- 
ient relapse in a convalescent, but also 
frequently served as an important labora- 
tory aid confirming the diagnosis of hepati- 
tis without jaundice. 

The urine was examined for the presence 
of bile salts in 25 cases with deep jaundice, 
pruritus and bradycardia. In all but 
2 cases the test was positive. 

Although no attempt was made to 
assay the pigment content of the feces, 
it was noted that in 61 cases, or over 20 % 
of the group, light stools were noted at 
the time of deepest icterus. 

Liver Function Tests. The result of 
the cephalin-cholesterol flocculation iest was 
studied in the first 75 cases, and although 
the test was positive in all cases, it was 
discarded as a means of following the 
patients when it was found that the blood 
of many apparentlj’- recovered cases, as 
well as of many apparently normal indi- 
viduals, also gave positive readings. 
Whether this was due to lack of familiarity 
with the technique of the determination 
or to too highly sensitive a reagent cannot 
be stated. 

Hippuric acid excretion after adminis- 
tration of oral sodium benzoate was tested 
in the same number of patients, but, like 
the cephalin flocculation test, proved of 
little value in this study. jNIany patients 
with obvious liver damage by other 
criteria showed normal hippuric acid 
excretion, while some who were apparently 
recovered continued to show apparent 
impaired ability to convert benzoic to 
hippuric acid. 

Because of lack of materials and equip- 
ment, the dye excretion tests, serum phos- 


phatase determination, cholesterol-choles- 
terol ester ratio and the prothrombin time 
determination were not attempted. 

Miscellaneous. To insure the fact 
that no cases of Weil’s disease were being 
overlooked, 20 patients most closely 
simulating leptospirosis clinically were 
subjected to a study of the urine for the 
organisms and the serum for the specific 
agglutinins. The results were uniformly 
negative. Similarly, examination of the 
sera of 20 patients, w'hose blood showed a 
reversal of the neutrophil-lymphocyte 
ratio, failed to reveal the presence of the 
heterophil agglutinin seen in infectious 
mononucleosis. 

Comment. The general clinical picture 
noted in this study is similar to that 
usually described. Ocular pain, however, 
was a more frequent component of the 
headache than was noted in Cameron’s* 
series. Worthj’’ of note in the present 
study M'ere the distinct categories of onset, 
and the realization that influenza or respir- 
atory disease maj' be simulated in the pre- 
icteric period. 'The relatively high in- 
cidence of itching and bradycardia in this 
series, while in contrast with the rarity 
of these sjTnptoms in the group studied by 
Hayman and Reed,^ parallels the observa- 
tions of Lucke° and Cameron.* In con- 
formity with this observation was the 
presence of bile salts in the urine of 
patients shoving such symptoms. 

Urobilinogenuria has been shown to be 
one of the most sensitive indices of liver 
function. A diphasic curve of uro- 
bilinogen excretion, with one rise in the 
pre-icteric period and another vlth decline 
of icterus has been reported bj’' others* and 
noted in this series. Elevated urobilino- 
gen levels in the urine serve as an ex- 
tremely helpful clue for diagnosis before 
the appearance of icterus or in cases of 
hepatitis without jaundice. During the 
course of the disease, frequent determina- 
tions of the level help evaluate the progress 
of the patient, and when a rise in level 
occurs after previous return to normal, it 
serves to herald a relapse. • 

The observation*’’® that the sedimenta- 
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tion rate early in this disease is low or 
only slightly elevated, also noted in this 
series, is from the negative standpoint, 
a helpful diagnostic feature. In a patient 
with equivocal evidence of early hepatitis, 
the presence of a sedimentation rate above 
15 mm. in 1 hour, renders the diagnosis 
unlikely or suggests tire presence of some 
complicating disease. Paradoxically 
enough, during convalescence the sedi- 
mentation rate, when elevated, shows the 
presence of continued or renewed activity 
of the inflammatory process in the liver. 

No “false-positive” serological tests for 
syphilis were noted. The Kahn test, per- 
formed at all stages of the disease, was 
uniformly negative. 

The concept of hepatitis without jaun- 
dice has recently received emphasis. 

The proportion of cases of hepatitis which 
do not show jaundice reported by Barker' 
is far greater than that obser^'ed in the 
present study. Whether this apparent 
difference in incidence actually represents 
a difference between the two epidemics, or 
merely a difference in diagnostic criteria 
cannot be decided at this time. The diag- 
nosis in this study was based on the occur- 
rence of symptoms, physical findings and 
laboratory changes differing only in degree 
from those seen in cases of hepatitis with 
jaundice. Of significance was the occur- 
rence of malaise, anorexia, epigastric ful- 
ness or distress, pain in tlie right upper 
quadrant or back, and tenderness in these 
areas with or without a palpably enlarged 
liver. The findings of increased urobilino- 
gen levels in the urine and serum globulin 
in the blood confirmed the diagnosis. 

Pre-icteric hepatitis and hepatitis with- 
out jaundice may present an identical pic- 
ture and it is often impossible to predict 
whether jaundice will occur. The impor- 
tance of the recognition of hepatitis with- 
o\it jaundice, when it occurs, lies in its 
potentiality of relapse and chronicity anal- 
ogous to that of the cases of jaundice. 

Ihc criteria of recovery, as outlined by 
Barker' and applied in this study, are 
worthy of emphasis. Until the icterus 
index Ims returned to normal, disease is 


still present. Attempts to start patients 
on physical activity before the icterus had 
been normal for at least 2 weeks almost 
invariably lead to relapse. Similarly, in- 
stituting physical exercise in a patient 
whose urobilinogen level is still above 
2,0 mg. per 100 cc. of morning urine or 
whose sedimentation rate is above 10 mm. 
in 1 hour will usually lead to relapse. Of 
equal importance, although usually par- 
allel with these laboratory features, are 
the clinical evidences of disease activity 
as outlined in the body of this paper. 
Finally, the acid test of the fitness of a 
patient for discharge from tlie hospital is 
his ability to tolerate physical exertion 
without the occurrence of symptoms, signs 
or laboratory evidence of a relapse. 

It has been recommended that the treat- 
ment accorded hepatitis be a regimen of 
rest and rigid diet.' Bed rest during the 
acute phase of the disease and during early 
convalescence is of paramount importance; 
for inadequate bed rest and too early 
return to activity lead to relapses and to 
chronic hepatitis. 

Recent studies’ have shown the im- 
portance to the liver of adequate protein 
intake. Since there was no control group, 
with respect to diet, used in the present 
study, evaluation of the efficacy of the 
high-protein, low-fat regimen is difficult. 
It was, however, noted that patients trans- 
ferred from other wards, where they had 
been receiving a “regular diet”, to the 
hepatitis section, experienced an increase 
in appetite and an amelioration of symp- 
toms after several days of the “special” 
diet. Furthermore, the absence of deatlus 
in this series may be significant. Since the 
mortality rate in this disease varies from 
0.2% to 0.4 *?c,® it is difficult to predict 
whether in a series of the size studied here 
any deaths could have been expected. 
Nevertlieless, several patients presented 
clinical and laboratory features similar to 
those considered prognostic of a fatal 
termination. IMiether the survival of 
these patients was due to tlie high dietary 
protein regimen liberally supplemented by 
plasma cannot be determined. 
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The following case exemplified the in- 
sidious type of onset, the severity which 
this disease occasionally manifests, indica- 
tions for the use of plasma, and the occa- 
sional simulation, from a laboratory stand- 
point, of “obstructive jaundice” (Fig. 3). 
The diphasic curve of ui-obilinogen e.vcre- 
tion is also illustrated. 


100 cc. The icterus index on entry was 48, 
the blood Kahn test negative and the sedi- 
mentation rate 6 mm. in 1 hour. Examina- 
tion of the urine showed a specific gravity 
of 1.011, a “two plus” albuminuria, no sugar, 
and frequent bile-stained hyaline and gran- 
ular casts. Bile was present and there were 
15 mg. of urobilinogen per 100 cc. of urine. 
Bile salts were present in the urine. 
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Case Reports. Case 105. A. L., aged 24, 
was admitted to the hospital on March 21, 
1945, with a history of gradual onset, during 
the preceding 12 daj's, of malaise, anorexia, 
and heavy’', leaden pain in the epigastrium. 
Eight days before entry he noted dark urine, 
and, on the following day’, he became con- 
stipated. On March 19th, he noted light 
stools, his skin began to itch and friends 
noted that he was turning y’ellow. Six weeks 
prior to entry he had had severe diarrhea 
for 1 week. 

On entry he was moderately’ jaundiced, 
had enlargement of cen’ical lymph glands, 
and the liver edge, which was moderately 
tender, was 4 cm. below the right costal 
margin Temperature was 98.2° F., pulse 52, 
and respirations 16. 

The hemoglobin value and red blood cell 
count were normal (14.0 gm. and 4,800,000). 
There were 7,200 white blood cells per c.mm., 
of which 38% were neutrophils, 52% lympho- 
cytes, 6% monocytes and 4% eosinopiiils. 
The serum globulin level was 3.1 gm. per 


Course. The jaundice deepened rapidly’, 
the liver descended to the umbilicus and 
anorexia remained moderate. On the 9th 
hospital day’, anorexia became absolute and 
the patient became drowsy, irritable and 
developed nausea and vomiting. From the 
9th ttuough the 14th day’, he was given 
infusions of 500 cc. of plasma daily. By the 
14th day' he was eating well and icterus was 
slowly receding. Improvement thereafter 
was slow but continuous. At the end of 
60 day’s, because the liver was still enlarged 
and tender, and bloating, malaise and list- 
lessness still present, he was evacuated to 
the Zone of the Interior. 

The next case demonstrates the course 
of a mild hepatitis with jaundice. He was 
admitted to the hospital when jaundice 
was already receding, the first peak of 
urobilinogen was missed and the diphasic 
curve is not apparent (Fig. 4). 
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Case 56. E. S., aged 2G, entered the 
iiospital on March 13, 1945, complaining of 
malaise and anorexia for 8 days. Before he 
lost his appetite, hou'ever, he had felt chill}’' 
and feverish for 1 day. Five days prior to 
entry he developed a dull aclxing in the 
epigastrium and a “tired” feeling in the back. 
Two days before admission the urine became 
dark. Early in February he had suffered a 
mild bout of diarrhea. 

On admission he was moderately icteric. 
There was generalized enlargement of the 
lymph glands and a liver edge was felt just 
below the rib margin. Temperature was 
98.8° F., pulse 58 and respirations 14. 


kelser: lyfectious hepatitis 

tion rate were normal and liver edge was no 
longer palpable. After 10 days of recondi- 
tioning, when again sedimentation and 
urine were normal he was discharged to 
full duty. 

Tire following case shows the course of 
laboratory findings in a patient who 
developed relapse with jaundice. Al- 
though most relapses seemed the result 
of excess or premature pliysical activity 
or inlercnrrent infection, this case relapsed 
in spite of absence of these factors (Fig. 5). 



I)ayo 5 10 15 20 2 5 30 35 40 45 50 55 6o 


Fig. 4. — Case .'30. R. S. 


In tlic urine there was bile and 12.0 mg. 
of urobilinogen per 100 cc. Sedimentation 
rate was 11 mm. in 1 hour, and the Kahn 
test negative. There were 14.S gm. of hemo- 
globin per 100 oc., 4,900.000 red cells and 
6,400 white cells per c. mm. of lilood. 

Course. Jaundice gradually receded and 
by the end of the 3rd week liad completely 
i-lo.arod. lie began to cat well, on tlie 3rd 
hospital day his abdominal pain rapidly 
diminished and by the end of the 2nd week 
in the hospital had completely disappeared. 
Have for occasion.nl blo.nting during the 3rd 
and 4th week, he had no further adverse 
snnptoms. On the 36th hospital day. 
2 weeks after return of his icterus index to 
normal, ho w.ns started on the reconditioning 
program. At this time urine ami sedimenta- 


Case 1 14. J. J., 25 years old, was ad- 
mitted to the hospital on Ivlarch IS, 1945, 
with a history of malaise, anorexia, nausea, 
abdominal pain and dark urine for 10 days, 
and jaundice for 3 days. He had had a severe 
bout of diarrhea during the 3rd week in 
February. On admission he was moderatel}' 
jaundiced, showed generalized lymph gland 
enlargement and a tender liver 3 cm. below 
the costal margin. Icterus index on entry 
was 56. There was marked bilinuria and 
urnbiliiiogenuria. 

(^otirsc. During the following 3 weeks 
jaundice, anorexia and abdominal pain 
receded _ gradually. On the 24th day of 
hospitalization, in spite of rigid adherence 
to the prescribed regimen of rest and diet, 
there was a return of epigastric distress and 
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loss of appetite. Urine showed increased recovered. The significance of even 
urobilinogenuria, and icterus again began to slightly abnormal urobilinogenuria as a 
deepen. Icterus index rose to a peak of 48 criterion of incomplete recovery is well 
and then again began to recede. At the end illustrated fFie 61 
of 60 days of hospitalization, because he was 

still complaining of epigastric fulness and Case 123. R. A., aged 20, entered the 
bloating, and the liver was still tender and hospital on March 16, 1945. Five days prior 
enlarged, he was evacuated to the United to entry he developed moderate fever. 
States. malaise, anorexia, nausea and dull leaden 



Days S 10 15 20 25 30 35 40 45 SO 55 60 

Fig. 5. — Case 114. J. J. 



Days 5 10 IS 20 25 CO 35 40 4 5 50 55 60 

Fig. G. — Case 123. R. A. 


The next case demonstrates relapse epigastric pain. On tlie following day he 
without jaundice in a patient discharged developed dark urine and on the day of 
from the hospital before he had completely admission skin jaundice was noted. On 
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admission he was moderately jaundiced. 
The liver was enlarged and tender. Icterus 
index was 44 on entry. 

Icterus receded gradually and had dis- 
appeared by the 20th day. Urobilinogenuria 
dropped to normal levels bj"^ the end of the 
4th week. He continued to have full epi- 
gastric distress and bloating and the tender- 
ness persisted until the end of the 6th week 
in the hospital. At that time, with normal 
urine and sedimentation rate, he was sub- 
jected to a ten-day period of reconditioning. 
On the 56th hospital day, sedimentation was 
0 mm. in 1 hour and the urine urobilinogen 
level was slightly above normal, and he was 
returned to duty. Ten da 3 ^s later he was 
readmitted to the hospital, having suffered 
a recurrence of right upper quadrant pain 
and anorexia 4 days previously which had 
grown progressively more severe. On entrj'' 
he was listless, pallid (when discharged from 
the hospital, color had been good), the liver 
was again enlarged and tender. There were 
6 mg. of urobilinogen per 100 cc., the sedi- 
mentation rate was IS mm. in 1 hour, and 
there were 3.3 gm. of globulin per 100 cc. of 
serum. Although the urobilinogen level of 
the urine dropped to normal levels after 
2 weeks of bed rest and “special diet” per- 
sistence of malaise, epigastric distress and 
tenderness as well as a continued high serum 
globulin necessitated evacuation to the 
United States. 

The following case illustrates hepatitis 
without jaundice. Its clinical similarity 
to the forms with jaundice is evident. 

Case 125. R. S., aged 19, was a member 
of a unit with a high incidence of infectious 
hepatitis. On March 19, 1945, he was ad- 
mitted to the hospital uath a histor 3 '- of chills 
and fever for 2 daj's, pain in the right \ipper 
abdominal quadrant for 1 da}'. Five weeks 
previously he had had diarrhea for 6 days. 
On entry there was generalized enlargement 
of the lymph glands. tcndcrne.ss in the epi- 
gastrium and the liver edge was felt 2 cm. 
below the costal margin. Temperature was 
09.2° F., pulse GS, rcs]>iration 10. Hemo- 
globin and red blood cell values were normal, 
\\ iiite blood cell count was 0.100, with 51% 
lymj)hocytc.'!. 3S(!'p neutrophils. 9% mono- 
cytes and 2% eosinophils. Serum globulin 
level was 2.9 gm. per 100 cc., icterus index 
9 units and sedimentation rate 12 mm. in 


1 hour. In the urine there was a trace of 
albumin, 3.8 mg. of urobilinogen per 100 cc., 
but no bile nor other abnormalities. 

Abdominal distress, moderate anorexia, 
size and tenderness of the liver and urobil- 
inogenuria slowly receded. At the end of 

2 weeks, urobilinogen levels were normal and 
at the end of 3 weeks all s}nnptoms had dis- 
appeared. After 4 weeks in the hospital 
the liver was no longer palpably enlarged 
and there was no abdominal tenderness. He 
was given 10 days of physical exercise 
(reconditioning). At the end of this period 
with .sedimentation rate and urobilinogen 
level normal, he was returned to duty. 

The next case demonstrates the ability 
of a case of hepatitis without jaundice to 
develop icterus in a relapse. This potenti- 
ality again shows the identity of the non- 
jaundiced with those showing icterus 
(Fig- 7). 

Case 128. W. Y., aged 23, entered 
the hospital on March 28, 1945, udth a 
history of fever and chills for 3 days, ano- 
rexia, nausea and abdominal pain for 2 days. 
On admission he was not jaundiced, had 
cervical lymphadenopathy, and a tender 
liver edge 3 cm. below the right costal 
margin. Temperature was 101° F., pulse 64, 
respirations 18. Hemoglobin and red blood 
cell count were normal. There were 5,400 
white blood cells per c. mm. of blood, of 
which 46% were l}Tnphoc}’tes, 49% neutro- 
phils, and 5% monocytes. Serum protein 
level was 7.3 gm. per 100 cc. of which 
globulin constituted 2.6 gm. The only 
urinary abnormality was the presence of 
4.5 mg. of urobilinogen per 100 cc. 

Symptoms and urobilinogen excretion 
gradually receded. At the end of 3 weeks 
he was feeling completely well and the uro- 
bilinogen level was normal. During the 
4th week, although not authorized to do so, 
he began to indulge in physical activity. 
On the 26th hospital day he suffered a 
recurrence of anorexia and epigastric pain. 
On the following day increased amounts of 
urobilinogen were noted in the urine. Two 
days later clinical jaundice was noted. A 
peak icterus index of 48 units was achieved. 
Thereafter there was gradual recession of the 
icterus and s}nnptoms. At the end of 60 
da}*s of hospitalization, anorexia and abdora- 
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inal pain persisted and he was evacuated to 
the United States. 

Summary and Conclusion. The group 
was classified in terms of disease patterns 
seen depending on the presence or absence 
of jaundice, occurrence of relapses, and 
severity. The incubation period was esti- 
mated to fall within the accepted 3- to 6- 
week range. Onset was categorized on 
the basis of the insidiousness or rapidity 


“liver spots” occurred. One patient de- 
veloped a typical Guillain-Barre syndrome. 
A number of cases showed transient be- 
havior changes. 

The course of icterus and urobilinogen- 
uria were described. The typical hemo- 
gram with absence of anemia, normal 
white blood count, but with a tendency to 
reversal of the lymphocyte-neutrophil ratio, 
and slight increase in eosinophils was de- 



of the symptom evolution, and presence 
or prominence of systemic and respiratory 
symptoms. Frequency of symptoms was 
shown with anorexia, dark urine, malaise, 
nausea, and abdominal pain most common. 
Jaundice, tender hepatomegaly, adenop- 
athy and occasional splenomegaly were 
the significant signs. 

Duration of signs and symptoms was 
riirely less than 5 Aveeks and many patients 
had re.sifhial disease after S weeks. Cri- 
teria for recovery have been outlined, and 
the neces-sity for rigid conformity to those 
criteria emphasized. The possibility and 
ehanicteristies of relapses were discussed. 

.Ultliougii no cicaths occurred, tliere were 
G cases whieh showed a clinical picture 
.-■aid to herald a fatal outcome. ^lost 
coini)lications noted were mild. Gingi- 
vitis, skin petechiae, melena, epistaxis, and 


scribed. The diagnostic and prognostic 
significance of an elevated serum globulin 
has been shown. The presence of bile 
salts in the urine of patients with deep 
jaundice, bradycardia, and itching was 
noted. 

This report is another illustration of the 
prevalence of infectious hepatitis and its 
importance as a disabling disease of mili- 
tary personnel. The treatment followed 
has a firm theoretical basis and growing 
clinical supporting evidence. It is hoped 
that a realization of the need for adherence 
to tin’s regimen and for careful use of the 
criteria of recovery will aid in preventing 
the sequelae and residua of hepatitis. 
Similarly the recognition and treatment 
of cases of hepatitis without jaundice are 
highly important in the prevention of 
chronic hepatitis. 
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There has been considerable doubt as 
to just how much liver damage occurs as 
the result of heart disease, because passive 
congestion of the liver develops rather 
suddenly with the beginning of heart 
failure and frequently disappears just as 
quickly with the return of a normal circu- 
lation. The pathology of this condition 
was described by Fishberg^ as an engorge- 
ment of the central vein and adjacent 
capillaries, with the liver cells between the 
vessels soon becoming affected. These 
changes may advance to the degree that 
there is atrophy and replacement of the 
liver cells by fibrosis, which would make 
it reasonable to suspect that liver dysfunc- 
tion occurs. This has been shown to be 
true not only in heart failure but 
Bingen and Stolte^ found that a large per- 
centage of a group of patients with acute 
and chronic rheumatic polyarthritis ex- 
hibited deviations from the normal in 
various liver tests. In order to determine 
whether liver dysfunction occurs only at 
the time of heart failure or whether it is 
a gradually developing process, a series of 
154 cases of rheumatic heart disease were 
studied, because in this type there exists 
a more easily measured period of time 
between the initial cardiac damage and 
heart failure. There was no special selec- 
tion made in this entire group which was 
obtained by taking all cases as they pre- 
sented themselves for examination. How- 
ever, from this group 17 cases were elim- 
inated because either by history or clinical 
endence there was tlie slightest possibility 
of liver or gall bladder disease. All cases 
having any congenital cardiac lesion were 


also eliminated. The remaining 137 cases 
were given the cephalin-cholesterol floccu- 
lation test as described by Hanger.'* ® 
We considered this test ideal because it 
has been shown that a cephalin-cholesterol 
emulsion was flocculated by serum from 
patients with active disturbances of the 
liver parenchyma and parallels the severity 
of the dysfunction. It may therefore be 
employed to estimate the degree or per- 
sistence of an active li^'er process. The 
test was always performed by the 8.1010 
technician and the results checked by 
one of us and plus-minus reactions were 
considered as negative. 

Results. In the series of 137 cases of 
rheumatic heart disease there were 97 
positive cephalin-cholesterol flocculation 
reactions (70%). The group was further 
subdivided into those cases that were or 
had been in heart failure at some time. 
There were IS such cases with 15 positive 
reactions (84 %). There were 17 cases of 
auricular fibrillation of which 14 showed 
positive reactions (82%) and in 5 cases of 
interventricular block all were positive 
(100%). Further inspection of this group 
revealed 4 cases of heart failure without 
any disturbance of rhythm or conduction 
of which 3 (75%) showed positive reac- 
tions. Of the cases of auricular fibrilla- 
tion, all but 4 either were or had been in 
heart failure and of these 3 (75 %) showed 
positive reactions. One of the cases of 
interventricular block also was in heart 
failure. The balance of the cases. 111 in 
number, were considered as of first and 
second degree cardiac function, and of 
these there were 75 showing a positive 
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reaction (G7%). Grouped according to 
the vascular lesion present, they revealed 
positive cephalin-cholesterol flocculation 
reactions in 41 (77 %) of 53 cases of mitral 
stenosis, 30 (64%) of 47 cases of mitral 
insufficiency, 24 (75%) of 32 cases of 
mitral stenosis and insufficiency, and 5 
(55%) of 9 cases of aortic insufficiency. 
The remainder of the cases, few in num- 
ber, had combined valvular lesions and 
therefore were not classified. 


Table 2. It appears that after rheumatic 
heart disease has existed 1 year a positive 
cephalin-cholesterol flocculation reaction 
occurs and the number of years duration 
of the disease does not influence the per- 
centage of positive reactions nor change 
the percentage from that of the entire 
group. The same close relationship of 
percentages were observed between the 
children and young adult cases under 
20 years of age to the entire series when 


TABiiE 1. — Age Guours and Cephalin-Cuolestkol Flocculation 
Tests of 142 Cases of Rheumatic Heart Disease 



Ccplialin-Cholcsterol Flocculation 

Percentage 

Years 

Positive 

Negatii-e 

Plus-minus 

Positives 

0-10 

2 

1 

6 

22 

11-20 

17 

4 

5 

65 

21-30 

16 

3 

0 

83 

31-40 

21 

fl 

1 

67 

41-50 

21 

7 

0 

75 

51-00 

15 

6 

0 

71 

61-70 6 1 

PluB-minua reactions were considered as negative. 

1 

75 


Table 2. — Approximate Duration op Rheumatic Heart Disease and 
Cephalin-Cholesterol Flocculation Tests in 12S Cases 


Years 

Cophalin-Cliolcstcrol Flocculation 
Positive Negative Plus-minus 

Percentage 

Positive.s 

0-1 

0 

1 

3 

0 

1-2 

7 

3 

0 

70 

2-4 

4 

0 

1 

80 

4-6 

3 

3 

1 

43 

6-10 

10 

0 

1 

90 

10-15 

9 

3 

0 

75 

15-20 

22 

4 

0 

84 

20-25 

10 

3 

0 

76 

25-30 

9 

4 

1 

64 

30-35 

9 

0 

0 

100 

35-up 

13 

4 

0 

76 


Diirafiou pstimnted from ctiolocical altnck or wlicu heart disease was first rocoRnaed. 
Phis-mimis reactions wore considered as neRativc. 


The age range in the entire series of 
cases of rheumatic heart disease was from 
7 to 67 years. In order to determine 
whether or not aging had any relationship 
to this phenomenon the cases were sub- 
divided into decades as shown in Table 1. 
This, however, does not give any informa- 
tion as to how long rheumatic heart disease 
must be present before positive cephalin- 
cholesterol flocculation reactions are ob- 
tainiHl. There were 12S case.s in which it 
could be ascertained with a relative degree 
of certainty the number of years this 
disease had been present and these were 
dividctl into time periods as shown in 


they were svibdivided according to the 
valvular lesion present. The positive 
reactions were 5 (45%) in 11 cases of 
mitral insufficiency, 6 (86 %) of 7 cases of 
mitral stenosis and insufficiency, and 4 
(SO %) of 5 cases of mitral stenosis. None 
of these cases was in heart failure nor had 
auricular fibrillation; however, in 2 cases 
with auricular fibrillation there were posi- 
tive reactions. 

The group of 97 cases were investigated 
as to whetlier there was any correlation 
between the degree of cephalin-cholesterol- 
flocculation-positive reactions and the 
severity of the rheumatic heart disease. 
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The 22 positive reactors with auricular 
fibrillation, heart failiu-e or interventric- 
ular block were divided as folloAvs; 13 
were plus 1 or 2, and 9 plus 3 or 4, and the 
75 positives in cases of slightly to moder- 
ately advanced rheumatic heart disease 
were 39 plus 1 or 2, and 36 plus 3 or 4. 
There did not appear to be any relation- 
ship between the degree of positi^'e reac- 
tion and the degree of heart disease. 

Summary. 1. The cephalin-chole-stei’ol 
flocculation reaction was found positive 
in 72% of 136 cases of rheumatic heart 
disease. 

2. The cephalin-cholesterol flocculation 
reaction was positive in 89% of the cases 
with heart failure, 82% of the cases with 


auricular fibrillation and 100% of those 
with interventricular block. 

3. The cephalin-cholesterol flocculation 
reaction was positive in 69 % of 110 cases 
of rheumatic heart disease considered as 
of first or second degree cardiac function. 

4. Neither the vahailar lesion, age of 
the patient nor the length of time rheu- 
matic heart disease existed seemed to 
effect any variation from the percentage 
of positives of cephalin-cholesterol floccu- 
lation reactions in the entire group. 

5. There was no correlation found be- 
tween the degree of positive cephalin- 
cholesterol flocculation reaction and the 
degree of functional severity of rheumatic 
heart disease. 


The authors rvish to thank 1st Lt. H. V. Bieghler of Strouthers, Ohio, for his assistanre in preparinc 
this report. 
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THE TREATMENT OF PNEUMOCOCCIC PNEUMONIA WITH ORAL 
AND INTRAMUSCULAR PENICILLIN 

By Harry F. Dowling, M.D. 

Georgine Rotman-Kavka, M.D. 

Hugh H. Hussey, M.D. 

AND 

Harold L. Hir.sh, M.D. 

(From the Healtli Department, Washington, D. C., George Washington Medical Division, 
Gallinger Municipal Hospital, and the Department of Medicine, 

George Washington University School of Medicine) 


The value of penicillin in the treatment 
of pneumococcic pneumonia has been 
amply demonstrated. Numerous re- 
ports' attest to its effectiveness 
wlicn it is administered by the intramus- 
cular route. The results in a relatively 
small number of patients with this disease 
who have been treated with this antibiotic 
by oral administration have been good.'''®'" 
Since the oral route is more desirable for 
the patient and since it does not require 
hospitalization or speci'al nursing care, it 
would be the method of choice in most 
instances if the physician could lie certain 
that the results would be as good as when 
parenteral methods wore used. In an 
effort to answer this latter question we 
have treated comparable groups of pa- 
tients with penicillin by the intramuscular 
and oral routes. 

hlETHon. Blood for culture and sputum 
for pneumococcus typing were obtained 
from all patients admitted to the medical 
wards of tlie Gallinger Municipal Hospital 
who were diagnosed as having pneumonia. 
The patients were then given eitlicr 15,000 
units of penicillin intramuscularly every 
3 hours or 75,000 units by mouth at the 
same intervals. Tlic two routes of admin- 
istration were used without any selection 
of cases c.\'ccpt that the oral preparation 
was employed when it was avaiiai)ie and 
the intramuscular route at other times. 
One ):)atient wlio was scheduled to receive 
penieillin orally was given the drug intra- 


muscularly instead, because he was coma- 
tose on admission. His case has been 
placed in the oral group in our calculations. 

The intramuscular preparations used 
were various lots of commercial penicillin 
G (in 73 patients), crystalline penicillin G* 
(in 34 patients), and penicillin Xf (in 3 
patients). The oral doses were usually 
given in the form of tablets containing 
25,000 units of sodium penicillin buffered 
with calcium carbonate. f Penicillin treat- 
ment was continued until the temperature 
had fallen and remained atorjiclow 100° F. 
for 2 to 4 days. 

Results. Since no significant differences 
were observed in the results obtained with 
the use of commercial penicillin G, crystal- 
line penicillin G, anri penicillin X intra- 
muscularly, the patients treated with the.se 
preparations have been placed in one group 
for the purposes of this paper. .A compari- 
son of the tlierapeutic effects of these 
preparations in various diseases including 
pneumococcic pneumonia is being pub- 
lished elsewhere.'- It will be seen from 
Tables 1 and 2 that the groups of patients 
treated by the two routes were comparable 
with respect to the types of pneumococci 
causing the disease jukI were essentially 
similar in rcsjiect to age distribution. The 
incidence of bacteremia was .somewhat 
liigher in the group of patients who re- 
ceived penicillin intramuscularly and there 
was a slightbv larger proportion of patients 


* Supplied by Merck and Ckimpany, Rahway, N. J. 
t .'Supplied by the Lc<lerle LalKiratorics Incorporated. Pe.arl River, N*. Y. 
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above the age of 50 years in the intra- 
muscular-treatment group. 

There were 59 patients in the oral- 
treatment group, of whom 3 (5.1 %) died. 
Among the 190 patients in the intramus- 
cular-treatment group, there were 9 deaths 
(8.3%). This difference is not considered 
significant, in view of the fact that there 
was a greater proportion of patients in the 
older age-groups in the intramuscular- 
treatment group. Furthermore, there 
were 6 patients with bacteremia treated 
with oral penicillin, 2 of whom died, and 
18 bacteremic patients given intramuscular 
penicillin among whom onlj’^ 3 died. 


the first day is almost identical among the 
patients treated with oral and the patients 
treated with intramuscular penicillin (57 % 
and 59 % respectively). By the end of the 
2nd day after treatment was started, the 
figures for the 2 groups were 86 and 85 % 
for the oral-treatment and intramuscular- 
treatment groups, respectively. Thus it 
appears that there was very little differ- 
ence in the rate at which the temperature 
fell, regardless of whether the penicillin 
was given by mouth or by intramuscular 
injection. This similarity is illustrated by 
Figures 1 and 2 which portray representa- 
tive temperature charts from patients 


Table 1. — Results of Treatment mtth Penicillin Orally and Intramuscularly, .Arranged 

According to Tyte of Pneumococcus 


Oral Penicillin Intramuscular Penicillin 


Type of 

All Cases 

Bacteremic Cases 

AH Cases 

Bacteremic Cases 

Pneumococcus 

Number 

Died 

Number 

Died 

Number 

Died 

Number 

Died 

1 

7 

1 

2 

1 

12 

1 

6 

1 

9 

8 

0 

1 

0 

12 

0 

1 

0 

3 

9 

0 

0 

0 

13 

3 

3 

2 

4 . .' . . . 

3 

0 

1 

0 

6 

0 

2 

0 

5 





2 

0 

1 

0 

6 

5* 

1* 

0 

0 

4 

0 

0 

0 

7 . 

9 

0 

1 

0 

IS 

0 

3 

0 

s 

. • « 


, . 

, . 

8 

1 

0 

0 

Other types . *. 

14 

1 

1 

1 

27 

2 

2 

0 

No tjTie obtained 

4 

0 

0 

0 

G 

1 

0 

0 

Total . 

. 59 

3 

0 

2 

109 

9 

IS 

3 


(5.1%) (33.3%) (8.3%) (10. 7%) 

* One patient received intramuscular penicillin because he was in coma. 


Table 2. — Results of Treat.ment with Penicillin Orally and 
Intramuscul.\rly, Arranged According to Age op Patient.s 


Oral Penicillin 


Number 


Died 


Intramuscular Penicillin 


Number 


Died 


0 10 0 

0 24 0 

2 28 1 


12-20 ... 5 

21-30 14 

31-40 ... 20 

41-50 ... S 

51-00 . . S 

01-70 ... 3 

over 70 . . . 1 

Tot.Tl ... 59 


One method which wc* ^ have found 
useful in comparing the resulLs obtained 
in patients with pneumococcic pneumonia 
treated by various drugs is to determine 
the rapidity with which the temperature 
falls and remains below 101 ° F. among tlie 
patients who have rccovercil. From Table 
3 it will be seen that the percentage of 
patients who e.vpcrienccd a crisis within 


0 21 1 

I 9 2 

0 7 1 

0 10 4 

3 109 9 


receiving this antibiotic by the 2 methods 
of administration. 

In addition to the case fatality rate and 
the rate of temperature fall, another im- 
portant method of judging the value of a 
drug in pneumococcic pneumonia is its 
effectiveness in preventing complication.s. 
Six of the patients treated with penicillin 
orally, and 16 of tho.se who received it 
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intramuscularly, developed complications. 
None of these complications were serious 
nor were they the cause of death in any 
instance. One patient was classified as 
having developed empyema because 30 cc. 
of cloudy fluid were removed from his 
pleural cavity on the 4th day of treatment. 
Although the fluid was purulent, direct 


signs or roentgenologic evidences of pleural 
fluid appeared, additional thoracenteses 
were not performed. Subsequent recovery 
was without incident. 

Discussion. When similar doses of peni- 
cillin are administered orally and intra- 
muscularly the blood concentrations ob- 
tained with the former method are not as 


Table 3. — -Rapidity of Cnisis in Recovered Patients 


'I’emperaturc 101° F. or below, within; 

0 to 23 hours 

24 to 47 hours 

48 hours and over . . . . 

All Recovered Patients .... 


Oral Penicillin Intramuscular Penicillin 


Number of 
P.itients 

Per cent of 
Uecovered Patients 

Number of 
Patients 

Per cent of 
Recovered Patients 

30 

57 

59 

59 

IG 

29 

20 

20 

S 

14 

15 

15 

5G 

100 

100 

100 


Table 4. — Complications of Pneu.monia 


Complication 

Patients Receivini; 

Oral Intramusculiir 

Penicillin Penicillin 

Pleural EtTusioii 

1 

2 

Empyema 

1 

0 

Delayed Resolution 

o 

9 

.Siircad into Another Lobe 

0 

2 

Relapse 

1 

2 

Otitis Media .... 

1 

1 



Fiq. 1. 


.snu'ar and culture rcvcaletl no organisms. 
.-M the time of the thoracentesis, an at- 
tempt was made to inject 50,000 units of 
penicillin into the pleural space but this 
tYiuld not be done, since the cavity was 
fiUetl by the quantity of solution which 
wntained 5,000 units. Since no further 


high as those obtjiined following intra- 
muscular injections. ^IcDermott and Ins 
co-workers® have shown that the chief 
reason for this fact is that only a small 
portion of the penicillin is absorbed from 
the gastrointestinal tract. 

It has been recommended that oral 
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penicillin should be given in doses 3 to 5 
times as great as those employed by the 
intramuscular route because of this irreg- 
ular absorption. Bunn and his associates- 
treated 45 patients with pneumococcic 
pneumonia by the oral administration of 

200.000 units initially followed by 50,000 
units at 2-hour intervals. One patient in 
this group died and 1 developed empyema. 
Finland and his co-workers* gave 150,000 
to 300,000 units initially and 90,000 or 

100.000 units every 2 hours to 7 patients, 
all of whom recovered. Ross and his 
associates* observed recovery in the case 
of 2 children whom they treated with 

100,000 units at 3-hour intervals. 


ative. Oral therapy is preferable when it 
is not feasible to give multiple injections 
(as in the treatment of patients at home) 
or when the patients object to the frequent 
injections. Administration of penicillin 
by injections in beeswax and oil may be 
said to occupy a middle ground between 
the other 2 methods. This preparation 
need not be given as often (every 12 or 
24 hours) but is more e.xpensive than the 
products given by multiple injections, as 
expensive, in fact, as giving larger doses 
orally. 

The results obtained in pneumococcic 
pneumonia with the use of penicillin by 
either method were excellent. The total 


PNEUMOCOCCIC PNEUMONIA 

TREATED WITH INTRAMUSCULAR CRYSTALLINE PENICILLIN 
(15,000 UNITS EVERY 3 HRS.) 
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Fio. 2. 


We decided to administer to our patients 
either 15,000 units intramuscularly or a 
dose 5 times as great, 75,000 units, orally. 
The results, as judged by the case-fatality 
rate, rapidity of temperature-fall and 
incidence of complications, were similar in 
the 2 groups. As a result of those observa- 
tions, the indications a.s to the route of 
administration of penicillin in patients 
with pneumococcic pneumonia may be 
stated as follows: intramuscular therapy 
is preferable %vhen cost is a major factor or 
when the patient is comatose or uncoopcr- 


number of patients treated with penicillin 
was 168 and the total number of deaths 12, 
giving a case fatality rate of 7.1 %. 

We would like to stress 2 additional facts 
about the ora! administration of penicillin; 
First, it seems best in view of the evidence 
available at present, that the oral route 
should not be used for the treatment of 
the more severe infections, such a.s bac- 
terial endocarditis, staphylococcic bac- 
teremia and pneumococcic meningitis. 
Second, when penicillin is administered 
orally it shouhl always i)c given in large 
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closes, preferably 5 times as large as those 
which would be given intramuscularly in 
the treatment of the same infections. 

Summary and Conclusions. 1. Among 
1C8 patients given penicillin for pneumo- 
coccic pneumonia 12 (7.1 %) died. Fifty- 
nine of these were selected (upon the basis 
of- the availability of the oral preparation) 
to receive penicillin by mouth in doses of 
75,000 units every 3 hours, and of these 3 
(5.1%) died. Another group of 109 pa- 
tients were given penicillin by intramus- 
cular injections of 15,000 units every 3 


hours. Among these 8 (7.4%) died. The 
rapidity of crisis and the incidence of 
complications were approximately the 
same among the patients in the oral- 
treatment and intramuscular-treatment 
groups. 

2. It is concluded that patients with 
pneumococcic pneumonia may be treated 
with penicillin administered orally if large 
enough doses are given. Doses of 75,000 
units given every 3 hours until the temper- 
ature has fallen and has remained below 
100° F. for 48 to 96 hours are satisfactory 
for routine treatment. 


Wo wish to thank Dr. George C. Ruhland, Dr. James G. Gumming, and Dr. John E. Noble for their 
cooperation, and Dr. J. B. Holland, Miss C. Barbara O'Neil and Miss Helen Wright for technical 
assistance. 

2111 Bancroft Place, N. W. 
Washington, D. C. 
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SOME PHARMACOLOGICAL AND CLINICAL EXPERIENCES WITH 
DIMETHYLAMINOETHYL BENZHYDRYL ETHER 
HYDROCHLORIDE (BENADRYL)* 

By Thojias H. McGavack 

Herbert Elias 

AND 

Liistn J. Boyd 

(From the New York Medical College, Flower, and Fifth Avenue Hospital, New Y'ork City) 


Folloytng the demonstration that a 
series of benzydryl ethers of the general 
formula 



could prevent fatal anaphylactic shock 
from histamine inlialation in guinea 
pigg^3i.32 further studies 33-3i>35.36.32 have 
shown its antihistamine action to be more 
than 600 times that of papaverine. In 
addition some atropine-like and antiacetyl- 
choline effects have been observed. 

The clinical implications of these facts 
have been quickly recognized, particularly 
in relation to the control of allergic man- 
ifestations in the skin."-® The occurrence 
of unpleasant s\Tnptoms in these and 
other^- early clinical e.vperiences with the 
drug has raised the important question 
of toxicity as applied to human beings. 
Therefore, carefully controlled observa- 
tions of normal individuals recei\'ing the 
drug in several times tlie originally recom- 
mended doses have been made. In each 
subject the various systems of the body 
have been closely watched and their func- 
tions thoroughly appraised. In a previous 
communication,^' the scope of the above 
mentioned survey together witli early 
clinical e.xperienccs ha\'e been detailed. 
The purpose of the present report is three- 
fohl: (1) to emphasize the positive pharm- 
acological data as gained from the admin- 


istration of the drug to normal healtliy 
human beings and to patients; (2) to 
evaluate, at least in part, the therapeutic 
range of activity of “Benadryl,” and (3) to 
record the unpleasant symptoms or side- 
effects of “Benadryl” with an analysis of 
their nature and frequency. 

Methods and Materials. More than 60 
normal persons and 242 patients have 
been the subjects of these observations. 
Of the normal subjects, 21 have been 
subjected to a complete cycle of examina- 
tions pertaining to the major systems and 
functions of the body. The remainder 
have been used for the elucidation of one 
or more of the special pharmacological 
problems, sucli as the effects of the drug 
on the eye or on glucose tolerance. In all 
normal subjects the standardization of 
living routine was as previously described.'" 
Intravenous glucose tolerance curves were 
performed according to the metliod of 
Thorn“ slightly adapted to our own 
needs.^^ Values for “Benadryl” in the 
blood and spinal fluid were determined by 
the method originally described by Brodie 
■with some modification.'® Methods for 
ail other laboratory procedures have been 
given in detail elsewhere.'" The majority 
of all observations were made following 
the oral administration of the drug. In 
addition, glucose tolerance curvc.s and 
blood pressure readings were obtained 
following a single intravenous do.'-'c of 20 
to .30 mg., and the effects upon the eye 
were recorded pursuant to it.s topical 
application. 

Results. I. PlIARM.^COIXlOICAt D.ata. 
1. Thr AniihiMdininr KffreU. Repcatwllv, 


• Read in part before the Research S^’=ion of the Xew York Academy ol Mc^^Jicine. ^^ay, 
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the unpleasant reaction which sometimes 
attends the administration of histamine 
in the course of gastric analysis was re- 
lieved b}' the intravenous administration 
of 20 mg. of “Benadryl.” Thus we con- 
firmed in human beings the observations 
made on small laboratory animals by 
Kaiser, Lowe and their co-workers.®'’^® 


from 150 to 400 mg. daily over periods 
ranging from 1 to IS weeks. The results 
are summarized in Table 1. The varia- 
bility of this response is iilustratcfl in 
Fig. 1, and shows the necessity for individ- 
ualization of dose in each patient. Appar- 
ently the severity of this reaction bore no 
relationship to the patient’s clinical con- 


Histamine Flare Reactions During 
AND Following theUse of 'Benadryl’ 
(SMinute Reading) 



HAS BEEN arbitrarily CONSIDERED lOO PER 

CENT. Subsequent values are derived as a 

PERCENTAGE OF THIS FIGURE. 

Dosage scales on right hand side of 

CHART. 


I’lG. 1. 


More specifically, this antihistamine 
effect was demonstrated in relation to the 
oral administration of “Benadryl” at 
various dosage levels in the following 
ways: 

(n) Suppression of the dermal response 
to histamine. The wheal and flare re- 
sponses of 20 normal subjects and 7 
patients were reeordeil following the oral 
.ndministmtinu ,if ‘'Bonadryr' in d< *ses of 


(lit ion, nor to the presence or absence of 
.some allergic disease. For instance, O- R. 
(Fig- 1) wa.s an asthmatic of long standing, 
while B. C. (Fig. 1) and C. H. (Fig. 1) 
were normal individuals. Despite the.se 
wide variations in rasponsefrom individual 
to individual it was possible to suppre.ss 
completely the reaction in an\' given 
subject In- some dosage well within the 
therapeutic range. Indeeil, the uniform- 
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tty with which this response could be 
eJicited strongly emphasizes the antihista- 
mine character of “Benadryl” activity and 
the satisfactory results which have been 
obtained in a wide variety of skin condi- 

(b) The depression of gastric acidity. 
Almost as impressive as the influence of 
"Benadryl” upon the dermal response to 
histamine was its ability to suppress the 
secretion of acid by the stomach. As was 
the case with the “flare and wheal reac- 
tion,” the daily dose and period of admin- 
istration necessary to bring about this 
effect varied widely from subject to sub- 
ject, but was produced with a single 
exception in each of 21 subjects upon 
whom tried. This particular patient 
responded with a decided increase in 


or pretreatment gastric analysis have been 
accepted as 100 per cent in each instance, 
and subsequent values reckoned as a per- 
centage thereof. The composite curve 
shown is the averaged value of these per- 
centages. 

When "Benadryl” is stopped, from 1 to 
several weeks are required for the secretion 
of gastric acid to return to normal. In 
some instances, the anacidity or hypo- 
acidity gives way to hyperacidity in this 
release phase. 

Inasmuch as histamine has now been 
accorded an important place in the secre- 
tion of gastric acid under physiological 
conditions, '•’®'^® the suppression of acidity 
following the administration of “Bena- 
dryl” is rather convincing evidence of its 
antihistamine activity. 


Table I. — EnTTHEVA and Wheal Reactions to Intracdtaneoeslt Administered Histamine 
Ddrino and Following ‘’Benadryl” Therapy 


No. Subjects 27 

Dosage (mg. DaiJy) .... 0 

Duration Treatment (weeks) 

Degree of Reaction; 

Erj'thema; 


5 min 100 

10 min 100 

Wheal: 

5 min 100 

10 min 100 


gastric acidity, most marked when 400 mg. 
of drug were given daily; gastric acidity 
returned to normal within two weeks after 
the drug was discontinued. 

.•Is a rule the change in gastric secretion 
could be observed within one week after 
administration of the drug was begun in a 
daily dose of 150 mg., but in some subjects 
as much as 400 mg. daily for 2 weeks was 
necessary to elicit it. It was usually possi- 
l)!c to suppress completely the formation 
of acid by the stomach, in from 1 to 4 
weeks when 400 mg. were given daily. 
For the majority of these subjects the 
liata are fully analyzed clsewhcre.^®'^' The 
avenigwl results in normal suhject.s who 
received 400 mg. of “Benadryl” daily for 
.I to 5 weeks arc illustrative (Fig. 2). In 
making these curves, data from the initial 


11 

18 

5 

9 

4 

3 

150 

300 

400 

0 

0 

0 

2.3 

3.5 

4.0 

1.0 

2 

5 


25 

0 

0 

6 

73 

138 

n 

0 

0 

15 

92 

138 

18 

0 

0 

2 

SO 

120 

14 

0 

0 

17 

8S 

132 


(c) The decrease in capillary pennen- 
bility. As determined by fluorescein,®® 
the permeability of the capillaries of the 
lower extremities was decreased by large 
doses (300 to 400 mg. daily) of “Benadryl” 
(Fig. 3). Moreover, in a negative way it 
has been shown that meningeal capillaries, 
normally more or less resistant to the 
passage of fluorescein, are not apprccintii.v 
influenced in this respect by "Benadryl”,'’ 
despite the fact that this drug readily 
diffuses into the .spinal canal to establish 
levels comparable to tiiose in the blood.” 

That histamine has a normal role to 
play in the permeability of tissue eapil- 
larics was suggested many yeans ago. 
Moon*® has more recently stimmarized 
some of the evidence confirming .such an 
acti%-ity. It, therefore, .seems logical to 
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conclude that “Benadryl” probably "tight- 
ens” the capillaries through a neutralizing 
action upon the histamine of the tissue. 

2. The Airopinc-Hke Adhiiy. The anti- 
histamine activity of "Benadryl” has been 
fully confirmed by a number of observ- 

gj.g 6,0.10.11.12.13.15,31,32.33,34.35.30.40,41.45 49.52,58.09.60 

This is, indeed, the only action of the drug 
which can be distinguished with certainty. 


solution of 0.5% or more. No changes 
were apparent when the drug was given 
orally up to 400 mg. daily for several 
weefe, e.xcept for a slight blurring of 
vision in 10 of 242 patients. In 60 subjects 
the eyes responded to the topical applica- 
tion of a 0.5 % aqueous solution of "Bena- 
dryl” by an increase in the size of the 
pupil in 49, a decrease in visual acuitj' in 


INFLUENCE OF BENADRYL ON GASTRIC ACIDITY 
400 MG. DAILY FOR 3.5 WEEKS 


DATA EXPRESSED IN PERCENTAGE OP 
"FORE ANALYSIS* 




llowovor, attention has licen directed also 
to both an atropinc-iike cfi'cct'’*’ and 
to an anti-aoetylcholinc influence.®^®’ 
Nevertheless, one must tread oaution.sly 
in allocating any particular observation to 
either one or hoth of these categories. In 
the data here prc.scntcd, a clearcut atro- 
pine-like influence seems to have been 
exerted upon the human eye by the local 
application of “Benadryl” in an aqueous 


12, and a decrease in ability to accommo- 
date in 43. 

In 25 subjects, the effects upon pupillary 
diameter of "Benadryl” alone and of 
“Benadryl” in combinvation with epine- 
I)hrine. homatropine and eserine, respec- 
tively, were compared (Fig. 4). The 
readings on which this chart (Fig. 4) -is 
based were made at the end of 1 hour; 
the full technic of tlie tests has been 
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described in detail elsewhere.-' Within here to emphasize the point that, unlike 
the limits of experimental error the dilating sympathomimetic drugs, it may produce a 
action of “Benadryl” was not increased quieting rather than an erethistic effect, 
bj' epinephrine, but the speed with which Moreover, when large doses of the drug 
it occurred was hastened so that the are used (200 or more mg. at a single dose 
response became maximal within 15 min- or 600 or more mg. daily), some of the 
utes instead of 1 hour. “Benadryl” appre- effects upon the sensorium closely resemble 
ciably furthered the mydriatic action of those of the belladonna alkaloids, 
homatropine (from 150%-169%) and (a) Action on the cardio-vascular sys- 
antagonized the miotic influence of eserine tern. No disturbances in pulse rate or size 
by increasing the pupillary aperture from of the capillaries was observed in subjects 
.38% of its pretreatment size to 50 '"J of receiving from 150 to 600 mg. daily. As 
that value. previously mentioned, capillary perine- 


'Benadryl’ (mg. Daily) 



CapillaryP£rmeability after Benadryl 
(Between 3 and 4 Weeks ‘meATMENT 
AT EACH Dosage Level) 

Kia. 3. <rti the rttliiiriTi-' ropro-ent tlio iiumlicr of '.ulijocf-' :it thr nivfti Icvt*! fif 

In view of the disturbance in accomnio- ability was decreased in the majority of 
dation brought about by “Benadryl,” it instances when 300 or more milligrams of 
seems fair to conclude that its action upon tlriig were administered ri.’iiiy.l 
the eye following topical application simii- The systolic blood pressure w;is lowered 
iates that of the alkaloids of the belladonna by 10 mm. or more of merenry in 29 of 71 
group. patients ingesting from 2.70 to 600 mg. of 

3. /.c.s.s Well Urulrn'tnod Phitrmiirologir the drug daily over periods ninging from 
EfTecis of “Baiadnl.” Tlie influence of 21 to 280 d.ays (Table 2). Five of tlicsc 
“Bcnadrj'i” upon the centra! nervous subjects ((l.S'",) <ievefope<l an ortho-f.atic 
system will be discussetl under toxic rcac- hypotension (Table 2} vliieli was com- 
tions. Nevertheless, it .seems important pfetely a.symi)tomatie in 1. hollowing a 
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single dose of 400 mg. of “Benadryl” pine were simulated.®^ Neither do they 
orally to 14 subjects, a tendency to lower- seem to be an antagonism to acetylcholine, 
ing of the blood pressure, sometimes main- which in itself has a lowering effect upon 
tained for several days, was observed, blood pressure. A vaso-dilatation of blood 
Orthostatic hypotension occurred in 5, vessels has been reported in the ears of 
as illustrated in patient S. M. (Fig. 5). rabbits following the use of “Benadryl’’.^ 
It seems difficult to consider these actions In view of the fact that the size of the 
as atropine-like, unless we concede the capillaries does not seem to have been 
point that the more toxic effects of atro- altered, it would tlien appear that the 


Changes in the Pupil of the Human 
Eye Following Topical Applications. 
(Average for E5 Subjects) 



B = Benadryl ( o.s %) 

Ep = Epinephrine (o.ooi%) 

H = Homatropine ( 1.0% ) 

Es = Eserine (0.5%) 

^kTbe "fore" measurement is arbitrarily 
accepted as 100% in terms of which all 
subsecjuent readings are calculated. 

Fig. 4. 


2.--Ri.ooi> Put>siur. Chvngkv in 7-1 P-vtikn-i?. Tuk.^tki) With “BENAunYi." 

I 

i»t? » ‘rreatineiH 


.\o Ch.'inco* . . . . jr, 15{>_000 2.34 2.2-1.45.0 15.2 14-311 Gl 

Oruf"!' V u ' ' ■ ' • -50-tK)0 2S0 .5.0-13S.0 23. S 21-2S0 H 

OrUio^tnUr llyputonM.Hi 5 200-400 3G0 S. 4- .34.8 17.1 21-90 57 

Nariation of 10 points or le.ss from the oricinal fiKurc was icnored Vo i -r j 

lo'vetxsl nnles.s mpeatcd rre..-s„^., fr,.cp,ont inton-als w^e conlstont. 


(me ) 
UaiiKc 

.\\er. 

(Kin.) 

Haiicc 

.\\ cr. 

Itaiice 

.\vtr 

15O-G00 

2.54 

2.2-145.0 

15.2 

14-311 

01 

250-(K)0 

2S9 

.5.0-138.0 

23. S 

21-280 

6S 

200-400 

3G0 

8.4- .34.8 

17.1 

21- 90 

57 



‘J2-1 MC(.\V\fK, 

viirititi(iii-i ill hliKiil pn <iirf may li'i\ rim ii 
• Ilia ti) n pr< arti rifilai or im.ill lilo<»i|. 
\ri 1 1 \iiM)t|ilatioii. 

(A) Ai'tioii on pliirii r toll riiii'r, Inirit- 
MTioii'i ^'IiKo !■ toll nun r ti ill Hire prr- 
forum! iijion II -iilijed. iiini'r ■■tiunlanl 
roiiiiilioin iiln.nly lirtnili <!.*■ No i It uifr 
ill tolcr.tlU (' I olllij lir rlit iti (| « In n ,t -lim-fr 
•1(V) iniliiyMin liior of “Hi n niryi" u.i- 
k'ivrii or.ilh I liotir prior to tin- In/inniin' 
of the ti it. Wln-ll l.‘n lim". w.iN ii iiitr.i- 
\i-nniii!\ tinrr um n dt linitr iiicri.in in 
tofrniin r •iliioMi liy an a\i rayr ijirn-.r. of 
(ill m^', jirr !IK( If. in flir li m I for litooif 
Mm’.tr ' iioiiraftii tin' infiiiion l>•,:lln. 
Till- total (irr.t of tlirn- niriii for tin- 
•I hour pi riot! wa-i HO.!', 1.-, than thr 
arr.i of tin- (aintroj nir\ri in tin- •.uin- 
stihjirt-i. .Moriovir. Ill lonifiirni with 
(•iir \ (-1 i-otn-omitiiniiy iinnlr on iniiiitioiial 
^llllj(•(•t‘^ tin-ir ^a^iation^ ncrr iiaii-itir.iMy 
•lij'nilicaiit.'' 

.1 /in'ori \\f Inn! iinirr or ll"^ r\|Mittil 
rithcr no rlniii;;r or a lii'crr.isr in tolrrntnr 
III thi-ir tC'it'i. 'I'in- rr.i'ioii for tin- incrra'i- 
oiiM-rvid i'. not nilircly clrar. It could In- 
related to a phasic iiiteraetioii In tuecii the 
drii/; iitid the aiitoiioniie ner\on-< \vstein, 
and throiijtli the latter to the iidltieiier 
upon pancreas or liver, or lioth. 

Till mpnilir Hj-jx rii nci .i With "Ihiiit- 
ilrpl." I^inicllM'Ianiinoethyl henzlMdrtl 
ether liydroehloridi- has In-en ii'cd .sin-<-<->s- 
fiilly in the treatment of etiolo^ii-ally 
divensilied cases of urticaria, an).;ioneiirotie 
edema, and pruritus," ^ and 

in (he mana(^ement of phy.sieal aller- 
gie.s.^’ Ilesiilts have been .satisfac- 

tory hilt nnich le.ss draniatie in the inii- 
jority of patients with hay fover^' 
and vasomotor rhinitis.” A niiieli smaller 
percentage of patients with hronehial 
asthma have obtained relief.-' In all, 
we have observed 242 jnilients with a wide 
variety of complaints while under treat- 
ment with “Benadryl” (Tables 3 A, B, C, 
D, and E). In view of oiir knowledge of 
the antihistamine action of the drug, the.se 
cases may be logically ilivided into .sei-eriil 
groups: 


I.l It^i, IintD: 

A, I)i“Msi ,\»tj(ii‘.(; -ini: Sm.i,-, is 
Witn II Hisi.eMiM ix Bi IK \j.i> 70 But 

Bmiiooi ', 1 in Bon, 'nn-driigh.ixlMi-n 

ti- lid in tho I- 1 ondilion ■ for v. hit h sudden 
iiiid proloiij-til rdi.i' of hi"taniine are 
In 111 s id to have a ji ilhogi in tie rel.ition- 
-hifi. 

.\ll of 1.'' piti’iiit V. ilh itngionntTo'ic 
iihi n ('r,d>!i .'>.\) Wire iiMprovid by d.iiiy 
do > of “Bi n.iilrv I" r.inging from I.V) to 
3iKi mg . and total do u v.irving from Tad 
to I.'i, I.'it) my. Of the ji.itii-nt,' de-ig- 
tiitid ii' ''improvid” in tin- table, .'{ had 
lomphti- reliif of the idiiiia but not of 
an a-oei.itid iirtie.irii. .\ fourth was 
rilhvnl of the id* 10 . 1 , but w.is nrialile to 
toll rale the drug, even 1(1<) iiig. (I.iily in 
dividid diee; on the fith day after it was 
stoppisl the idiin.i rei iirnsl. The fifth 
p.itii-nt leid onlv ,'i d.iv.s of tre.itineiit at 
the lot) mg. dos.ige level for a ehroiiicallv 
rieiirring isindition. It boiihl ajijie.ir 
th.il Will over !K)', of the patients with 
iiiigioneiirotie etleiiia e.iii be qiiiekl.v I on- 
trolled bv a single large do-e of the drug, 
and that rei urn m e i-.iii be jireventtsl h\ 
daily dioes of from KKI to lot) mg. 

.\ll four of the e.isi-s of geiienilired 
/iniritiir were improved, one nimpletely — 
a middle aged man in whom the cause of 
the <-ondition w.is never diswvered. The 
other jMlients suirereil re.sjiectively from 
senile pruritus, the jiruritus of I'ov- 
I-'ordyee's disease, and iiniritiis sec-ondary 
to an emotional iijiset. The ifehing in tin- 
case of the girl with I-’ox-I-'ordyee’s dise.ise 
has been controlled for .") months vvitli a 
dose of 2.’50 mg. daily, but there has been 
little or no recession in the characteristic 
lesions of the disease. 

Of 30 patients with acute ami chronic 
grncraliznJ urticarias, 2(i were completely 
relieved, 7 showed imjirovemcnt and 3 
were not heljied by daily doses of “Bena- 
dryl” ranging from 100 to GOO mg. over 
periods of time varying from 1 to 131 
days. Two of tliese patients were sensi- 
tive to the injection of insulin, and doses 
of 100 mg. daily have been sufficient to 
keep them completely free of symptoms; 
tlie 131 day period of treatment refers to 
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'I'aiu.e .3-A. — Resuets of Trf.at.ment With "BEN'AonvE 

’ IN 

242 Patients. 

A. Diseases Affecting 

the Ski.v. 






l?C<-lllt« 



Total 



No Relief 

Collflllioil 

No 

C U * 

I ' 




Cn«<*s 



No. 

% 

Angio-ncurotie Edema 

IS 

13 

3 

0 

0.0 

Generalized Pniritns 

4 

1 

3 

0 

0 0 

Urticaria 

. 30 

20 

7 

3 

8 3 

Allergie Erzcina 

0 

I 

2 

3 

.50 0 

Nouro-clennafiti.s 

!> 

1 

2 

0 

06 7 

’rofal 

73 

42 

19 

12 

10 4 

* C. R. — Complete Relief. I. — Improved. 






Taupe 3-B. — Results of Tkeatment With “HENAnnyu 

” IN' 

242 Patients 

B. Diseases or Known Allbugic Etiology ((Excludi.vg Skin). 




Rc'-ults 



Total 



No Relief 

CotKiltlOM 

No 

C U * 

1* 







No. 

% 

Bronchial Asthma . 

. 30 

IS 

12 

6 

16.7 

(fi) Intrinsic 

. 13 

9 

2 

1 

.... 

(b) Extrinsic. 

. 7 

2 

3 

2 


(f) Mixed .... 

. 17 

7 

7 

3 

« . « > 

Haj' Fever .... 

. S 

3 

1 

2 

25.0 

Vasomotor Rhinitis 

. 11 

7 

1 

3 

27.2 

Allergic Hydrarthrosis. 

1 

1 

0 

0 

0.0 

Total 

. .70 

31 

14 

11 

19.6 

* C. R. — Complete Relief. I. — Improved. 






Taiili: 3-C. — Result.s oi Tiieat.ment With 

‘BENADnvL" IN 242 Patient.s. C. Diseases in Which 

AN Allehgic Eleme.nt M \y he 

PnE.SE.NT 

• 



• 


Rcsulti 



Total 



No Relief 

CoiuliUoii 

No 

Ca« 0 ‘- 

Cl? * 

1 » 

No. 

% 

Functional Dy.smonorrhca 

>1 

0 

2 

1 

11 1 

Spastic colon 

l.'i 

7 

1 

•1 

26 7 

Other G. 1. Neurosis 

10 

1 

3 

4 

40 0 

Migraine 

17 

7 

3 

3 

30 0 

(o) Vaso-constrictor 

li 

2 

2 

•) 


(6) Vnso-dilator 

.S 

3 

2 

3 


(c) Not classified 

.5 

o 

0 

11 


Meniere’s Syndrome . 

.*> 

1 

o 

2 

40 0 

Total 

. .70 

2*^ 

IS 

10 

2S 5 

* C. U. — (\>mptete Relief. I. — Improved. 






Tviile ;1-D. — Result.-' or Tuevtment 

With 

"BENAnKYL” 

in 242 Patients. 

D. Misceli 


C ONniTtON‘«. 






IIp** 

ills 



Total 



No 

Relief 

C'oiiihlioii 

No 

C It * 

1 » 





Nr. 

G- 


Jntractahle Insoinni.a 

9 

3 

*> 

4 

44 4 

Cardiac ,\sthma 

.s 

I 

3 

4 

50 0 

Hypertension . 
"Degenerative" C. N. S. 

. s 

0 

2 

0 

75.0 

Lesions 

IP 

(1 

4 

1.7 

7S 9 

Epilepsy 

3 

0 

0 

3 

100.0 

Heterogeneous Group . 
Total 

. w 
. 37 

0 

4 

9 

11 

10 

42 

100 0 

78.9 


^ «inj>1eto llclief. 1. — Improved. 
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K ( *«*rilj<}c N' ^ ! Ifri(iftt\ r *{ 


(iiif <if flic (• iti'-iiliii-'i ii-.itiu- ifi(Jiw({iitil'>. 
In '•cMTiil of flic iiciitf I iinilifiniis 11 liiiKli- 
ilo-.c of IIX) in;*, mtw-iI fo ;;!;»• (■iiiii|i|i-r<- 
relief. ( )f t lie .'{ jmt ii nf li .feil ns olifainini,' 
"no relief," one iiintr.ii fed n clironie 
nrtic.iriii! conilition mt r'l-.t', in tin- Afrie.m 
flieiitre of unr. ^l^'' 0 <•iafe^! at time, utfh 
a weeping eeyeinatoni ern|itii)n, A seitmd 
patient with clironie urticaria of iiiihnown 
etiolo^'v stoppiil the tlniu* after fakin;; 
'J(X) ni^'. daily for .'{ day^ (iccaiise of un- 
toward rcactioiii, althonuli tlic Imioni 
were improved. 'I'lie third receivial the 
driift for a .*-inpIe day with iinprownient in 
itohitif; hnf no ohjeetivc clian;,’e in the 
appearance of the lesion^ 

'I’he causes of flie-.e urticarias included 
ilru^'--, foods, and contaetjints; in some 
instances, jisychic factors and sensitivity 
to liacteria witliin tlie respiratory jiassa^es 
were helieved to excite the attacks. .\s 
soon as the condition was controlled liy 
treatment, offendin;; foods and drugs 
could he ingested without recurrence of 
the condition as long as the drug was con- 
tinued and usually for several day.s there- 
after. One patient with insulin .sensitivity 
was treated continuously for 2 weeks 
.since whieli time (.'I months) .she has 
needed no further medication fo keep lier 
symi)tom free flespile the maintenance of 
her insulin regime. 

Tiirce of C iiaticnf.s wifli allrrgic iczimti 
were not improved hy “Benadryl.” How- 
ever, no daily dose of more than 200 mg. 
was tried in thi.s group, and in two in- 
■stanee.s the alkamine ether was only con- 
tinued for 3 day.s. In no instance had 
the condition been present less than 0 
months, and in tlie one patient wlio com- 


pli teU’ ri fsnert fl, it h.id lasted for R ye.ir.s 
fsinie birth) and dis.ijipe.ircfl after *1 il.ays’ 
tre.itmint with 'JIX) mg. daily; following 
IS’ more days of tre.itmint with l.'iO ing. 
ilaily, the p itient has remaincfl eompk'tely 
frie of symptoms for I months. 

A'l am-/, rmntith was rntteh more difiicult 
to lontrol tlian either of the conditions 
Just mentioned. Two-thirds of the group 
were relieved hut the time necessary for a 
satisfactory response varied from 17 to 
titl days (except for 1 p.itient improved in 

days) on daily dosages nmging from 
I.'iO to 1(K) mg. Historically and objec- 
tively then* was nothing prior fo tre-it- 
ment which distinguishi'il the improved 
fnim the ntiimiinivcd group. 

H. Discvsk ok Know.n* .\t.!.i;itGtr Eti- 
moiii (i xci.umvfj sKt.v). Fifteen of the 
.'Hi ji.iticnts with lot/ima were in .status 
asthmafieiis when treatment was begun. 
'I'liere were no consistent criteria hy whicli 
those eases that did respond could he dis- 
tinguished a priori from tliosc tliat failed 
fo do .so. Our [lercentage of jiaticnfs w ifh 
hronehial asthma that obtained relief 
from “Benadryl” in tlie present series is 
considerably higher tlian that reported by 
other workers." If our inter- 

pretation of the literature is correct, we 
believe the ajijiarcnt discrepancy lies in 
the mode of ajiplication of the drug, and 
the results whicli may lie expected from 
its administration. 

Attention to .several simple rules may 
materially imjirovc the results to be 
obtained hy the use of the drug, .\eute 
attacks may he prevented in many in- 
stances if from 2 to 4 ca])sules are taken 
with the advent of the ver^* first symp- 
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toms. No dramatic response can be ex- 
pected from any dosage level (up to 
100 mg. every 4 hours tried) in the patient 
with status asthmaticus, or even in the 
individual whose attack, thougli not too 
]>roionged, is well established before the 
drug is administered. In status asthraat- 
icus, tlie first sign of improvement is 
usually seen by the end of the first 24 
hours, and other substances, such as 
aminophyllin which had previously been 
ineffective, begin to evoke a response. 
Once the patient is free of the immediate 
attack, he should be placed upon a daily 
tiosage level sufficient to ward off recviv- 
rence. As a rule 200 mg. daily, of which 
100 mg. is given at bed time, will be 
sufficient to maintain the patient free of 
symptoms, although as much as 400 mg. 
daily with 150 mg. taken at bed time has 
been necessary. In addition an extra 
dose of 50 to 100 ing. is advised at the 
first warning of distress. One patient who 
has had daily nocturnal attacks for 3 years 
and diurnal distress three times weekly 
for 3 years, has been maintained com- 
pletely free of discomfort during the past 
4 months with a total daily dose of 400 mg. 
Moreover, he has not experienced any 
“side-cffccls” from so large a dose of 
“Benadryl”. It is further clear, that 
patients who already have secondary 
changes in the lung and heart will not 
respond as satisfactorily as those who are 
free thereof. Whether or not the asthma 
is intrinsic, extrinsic or mixed seems to 
make very little difference in the response. 
In asthma and in other allergies where a 
long continued regime of treatment must 
be followed it may be necessar.^' to increa.se 
the initially effective dose to maintain 
the same degree of response. Apjjarently 
a tolerance iiccording to the principle of 
Le ChatolHer-Braun is involved in this 
phenomenon. 

.About 75% of the patients with hay 
frvt'r and vammofor rhinitis have been 
relieved of their attacks with “Benadryl” 
(lable 3B), As a rule, these casc.s are 
(piite readily controlled on small dose.s of 
the tlrug—fnnu UXl to 150 mg. daily. Two 


of the 5 recorded failures in these 2 groups 
were only treated for 2 days with a total 
dose of 300 mg. each. A third had 
an associated “wide.spread eczema” and 
“neuro-dermatitis.” In the other two 
case.s, the drug was discontinued because 
of “side reactions.” 

C. DisK.-i,SE.s LV Which an Allergic 
Elemen'i' May be Present. Six of the 
9 patient.s with a “fitnclionar' dysmenor- 
rhra had been treated hormonally without 
success. Two of this group of patients 
had an associated spastic colon and 2 
others a gastrointestinal neurosis with 
epigastric manifestations. All of these 
were relieved by “Benadryl”. The 1 
patient who obtained no relief from her 
dysmenorrhea with “Benadryl” had a thy- 
rotoxic goitre with malignant e.xophthal- 
mos. Four of 7 of these patients have 
been carried through 4 or more periods, 
and 3 additional patients through 2 cycles, 
while 2 have been watched during one. 
The necessary dosage, usually 200 mg. 
daily, was begun 3 or 4 days before the 
period was due. If there was any sign 
of pain, additional doses W'ere added at 
3-hour intervals. 

While the role of histamine in the pro- 
duction of functional dysmenorrhea may 
be open to doubt, the association of such 
a condition with disturbances in the bal- 
ance of the autonomic nervous system 
appears to have been accepted.®’’®'-"'” 
The results certainly justify an extended 
trial. 

Continued treatment was necessary to 
relieve patients with a spastic colon. The 
necessary daily dose rarely exceeded 200 
mg.;l patient has remained comfortable 
after S months of treatment with 100 mg. 
daily, and has gained 15 pounds in that 
time. There was no apparent difference 
in the presenting manifestations of those 
patients who did and tho.se who did not 
respond. The question of the role of 
histamine in the pathogenesis of spastic 
colon is perhap.s a mooted one, but at 
least some of the evidence favors a posi- 
tive relationslup.^’^' 



•J2S .\tc(:A\ArK. 

Olhr pitflro-iitlrfltiifil i>rur<i’(i-.i, wliioh 
wiTi' for tlic inoit part p-ivcliic in iirii;iti, 
were not inatfriallv iinprovid liv ‘’Ixini- 
dryl". 

Honif Ciivi-i t>f tniijriiinr olitniin-d dra- 
niafio ridii-f from ‘'Hi'iiadryr’, fitln-r in a 
.sinf;li' iloo- of J(KI mt,'- !•>' month or from 
an intravtnons injtclion «if 'Jtt mi;. 
WhotliiT the he.idaelle fell into the ►o 
called vaMX-oii'trietor or va'-odilator pronp 
.“leemed to iindte little difTerence in the 
rcMilt. 

’I'he 1 j)alient with Mtiiuri'f .'iiiiiilrmtir 
who obtained complete relief with "Heita- 
dryl” was .symptom fri'e 11(1 mimite> after 
a sinyle oral do-.e of .'() mp. and remained 
without attaclo for 2 montlH hy the daily 
use of a similar do-e. 'rin.i won the only 
1 of the *> ;)atient.s in which a tnie, or 
so-calh'«i idiojiathic tyj)e of Meiiierc’.s 
syndrome wa-s heli(‘vcd to c.xist. I'wo of 
tin- others were on a hyperten.sivc liasis 
and the remainder were thonj’ht to he 
scronilary to artcriosclero-iis. 

D. Mi.scki.m.mioi'.s Co.vmriu.s'.s. Ih- 
cattse of the drowsinc.-.s .so frequently 
experienced following the tidmini.siration 
of " Benadryl”, D jiatient.s with insomnia 
who were chronically hahitnated to the 
dcrivative.s of harhitnric acid were f;ivcn 
"Benadryl” at hed time in <lo,sc.s ranyinf; 
from 100 to 300 mg. Two of the -1 patients 
whose .sleep was not improved had artcrio- 
sclerotio heart iliscasc with .some degree of 
chronic left ventricular failure. A thini 
.slept satisfactorily following the use of 
3 capsules (150 mg.) nightly, hnt was 
"woozy” and fatigued all of the next day. 
In those patients whose sleep was satis- 
factory, there was a tendency for a decreas- 
ing effect as the drug was continued, so 
that one patient ceased to obtain relief 
by the end of the second week despite 
increasing doses, and all but one liave 
iiad to increase the dose materially. If 
the drug -was used discontinuously, the 
effects were much better maintained. The 
relationship of these findings to the drow- 
siness experienced by other patients wlio 
need the drug for the treatment of allerg}' 
is obvious. 


rr.tA-s kovp: 

AtJempt wa.’i made to improve tlie status 
i(f patients with a rnnlinr n’lhnn. The 
•.panlic wheezing a>ithmatic rc.ipiration of 
thc-e individnai*. wici routinely improved 
with large do i-. (between -KK) and (KK) mg. 
daily in divideil do>c). Inasmuch as 50'.7 
of the itidividuai- showiai iinjirovement 
its further trial in this condition ajipcar.s 
to he warranted, and the pre-ence of a 
histamine release factor in .severe form.s of 
left ventricle failure is .sugi;e^ted. 

Bceau-e "Beniidryl" has produceil a 
reduction in blood jire^aire in many .suh- 
ject.s (Table 2) a therap<'utic trial was 
m.nde in (1 ca.se.s of cs.sential hiip' drnnon 
and in 2 with artcriosclcro.'is and hyper- 
tension. Neither of the latter were helpcil. 
'I'iie bliMid jirc'sure.s of eacli of the remain- 
der weri' lowered but the clinical condition 
improvis! strikingly only in 2; in 1 of 
the^e thi> changes initially observed justi- 
fitHl the elas.sification of a malignant phase 
of e.'sential hypertension. In this patient, 
after S month.s of treatment with daily 
dfises of 3(X) mg., blood pressure is normal, 
no new lesions have devolojied in the eyes, 
and previous .symptom.^ have disappeared. 
No attempt shoulil be made to evaluate 
the.<e findings until a large scries of pa- 
tient.s ha.s been ob.scrved over a relativcl.v 
long periofl of time. 

Of the patients witli “dcgi-ncratkc" 
Irsion.'i of l/ir cnilral nrnoux st/slcm, 4 had 
multij)le sclerosis, 4 paralysis agitans, 

3 progressive muscular dystrophy, 3 spinal 
mu.scular ntroj)hy, 5 a long since inactive 
tabes dorsalis. In view of the drowsiness, 
dizzine.ss, and at times incoordination pro- 
duced by "Benadryl”, and the congestion 
of the choroid plexus observed in animals 
intoxicated with it, it seemed justifiable 
to test it,s usefulness in some of the condi- 
tions of the nervous sj’stem associated 
with lesions in and around tlie thalamus 
and basal ganglia. Three of the 4 patients 
with paralysis agitans, all of an arterio- 
sclerotic type, believed they e.xpcrienced 
subjective improvement ns a result of tlie 
long continued use of the drug. A change 
in tremor and work performance, observed 
in two of these who received tlie drug for 
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relatively long periods of time (for 5 and 
15 months, respectively), was not entirely 
accounted for on a psychic basis. One 
patient with multiple sclerosis has also 
i)een listed as improved although a purely 
psycliic response in his case is not ruled 
out. There was no change in the status 
of any of the other 19 patients in this 
group. 

In view of the sedative effect of "Bena- 
dryl” in some instances, it was tried in 
3 patients with idiopathic epilepsy of the 
grand mal type. In each instance a very 
definite aggravation of status was ob- 
served. It is difficult to interpret such a 
finding, but it may perhaps be related to 
blood vessel tonus and to altered capillary 
permeability. 


ity. Despite the ability of "Benadryl” to 
dilate blood-vessels'*^ the intermittent 
claudication of an arteriosclerotic indi- 
vidual was not relieved. It is possible 
that pruritus ani may respond to the local 
application of "Benadryl” but one instance 
of this condition was not relieved by its 
oral ingestion in doses of 600 rag. daily 
for 3 days. 

The Nature and Frequency of Toxic 
Reactions to "Benadryl”. In order of their 
frequency, drowsiness, dryness of the 
mouth, dizziness, weakness and fatigabil- 
ity, incoordination and lightheadedness, 
and blurring of vision were encountered 
commonly as untoward reactions associ- 
ated with the oral administration of 
“Benadryl” (Table 4). In conjunction 


Tabij12 4. — Untowaiid Reactions in 242 Patients Receiving "Benadbyl”* 

Number and Per cent of Reactions 


Condition 




Obscn’cd on Daily Dose of 

(mg.)}: 


Total 







•100 or 

Reactions 



50 


100 

150 

200 

300 

more 


Number of Patients on Each Dosot 

. 

28 


20 

135 

79 

74 

44 

• • a 

Sleepiness 

. 5 

(18) 

3 

(15) 

55 (40) 

21 (29) 

11 (15) 

10 (22) 

105 

Dryness of the Mouth .... 

. 1 

(3) 

0 


28 (20) 

5 (6) 

8 (10) 

0 (13) 

07 

Dizziness 

. 0 


0 


2S (20) 

12 (15) 

5 (6) 

9 (20) 

54 

Weakness and Easy Fatigability . 

. 1 

(3) 

1 

(5) 

19 (14) 

4 (5) 

5 (6) 

6 (13) 

36 

Incoordination and Lightheadedness 

. 1 

(3) 

1 

(5) 

0 (4) 

1 (1) 

0 

2 (5) 

11 

Blurring of Vision 

. 0 


1 

(5) 

5 (3) 

3 (4) 

0 

1 (2) 

10 

Totals 

. 8 



6 

141 

79 

47 

44 

283 


* 131 of tho 242 Bliowed Bome one or more unpleasant symptoms following the administration of 
“Bonadrj'l". 

t 'When "renofions" occurred in any given individual at more than one dosage level, they are recorded 
separately for each; hence, tho apparent discrepancy' between the total number of patients in whom 
untoward symptoms were obscr.’cd and the total number of such symptoms. 

t Figures in parenthesis represent the approximate percentage of subjects affected at the given level 
of dosage 


In tlie "heterogenous group” of patients 
were included one with duodenal ulcer, 
one with cirrhosis of the liver, one witli 
Sudek’s atrophy, 3 with thyrotoxicosis, 
2 with cardiospasm, one with generalized 
arteriosclerosis, and intermittent claudi- 
cation, and one witli pruritus ani. None 
of these were improved. It had been 
hoped that the tremor of hypertlijToidism 
might be relieved. No atropine-like action 
eonld be observed in the cases of cardio- 
spasm. The p.atient with duodenal ulcer 
gave no evidence of clinical improvement 
despite a marked decrease in gastric acid- 


with the incoordination and lightheaded- 
ness, thickness of speech and impairment 
of memory were often seen. The blurring 
of vision was not entirely due to the dis- 
turbances of accommodation to which 
reference has already been made. 

IManifestations which occurred and 
which may have been directly due to the 
action of the drug included headache, 
nausea, anorexia, “butterflies in the stom- 
ach”, "all-goneness at the pit of the stom- 
ach”, "restlessness of the legs”, "buckling 
at the knees”, excessive perspiration, 
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rjiiiitiic.'-s, intolcr.'ini'c t<i iiui'ic, uiul riiiijin;; 
ill tlif fiir-'. 

In nil. l.'il fif u’l'J imtiiiil.s (Icvi'Itipcd 
Millie iifiiile.e-aiit .NViiijiUim. ’rin- iii^diiMt 
|)ereeninf;e nf renctinii-i \vn-, oliM-rvcil in 
patient.^ ulio reeeiveil l.'ill nf ‘'llenn- 
liryl" daily. In many of lln-.e tin- '.ynip. 
nniiN di-<appearcd while (he ilrtifj was «-<in- 
(iiiiied at ihe ^allte ihiMijje level. 'i‘he 
mildiiiM, (if tlifie di'-tre'-viiii; \vnipt(iiiti is 
further emph!l^i■/ed hy the fact that they 
Iieei-s^iiated -.toppiin; “Heiindryl" in lint 
.*1 iiwtaiieei. In ;{ nf thi-Nc, a fei-lint; nf 
extreme futijjne a-’-aieiated uith an “idl- 
ftnne .seiisalirin” at the pit nf the .'.tninaeh 
wa*; mure di^tre-•^i^l,’ than the allertjie enn- 
ditinii fnr which relief wa^ nhtaitied. In a 
fiMirlh .'.iilijeet, .sleejiiiie-.-' due to tlie driij.' 
was nmre ineapaeitatin;; than her asthma. 
In the fifth patient, a ea'C nf ^pastie enlnn, 
dizziness, nervousness, fatif,’ne, dryne.M nf 
the mouth and .some ineoorditiation all 
oeeurred at level.s nf dnsaije ('J.'iO tiij;. daily) 
neeisisary (n enntrnl her .symptoin.s, and 
were so severe that .slie refused further 
meilication at any dosajie levi'l. 

ICaeh nf the .symptoms reeordeil in 
Talile -I has heeit seen at every dos-ape 
level Used. Drow.siiie.ss was hy far the 
most ea.sily evoked, and often a .sinyie 
dose of .'ll) mt;. necessitated the ii.se of 
eafl'eine or other .similar .stimulant to keep 
the siihjeet awake during the 2 to 2 hours 
immediately following it.s admini.stration. 
None of the other .sym})(om.s iia.s been 
incapacitating until daily dose.s of ilOO or 
more milligrams were u.sed, or when a 
single oral dose of ‘100 mg. Avns admin- 
istered, 

Toloranee for tlic drug imjjroves rapidly 
as its administration is continued. In 
09.4% of tlic patients noting untoward 
symptoms while taking 150 mg. daily, 
these were improved hy the end of the 
third day and had disappeared completely 
within 10 days despite the continued use 
of the drug. In 28.1 % the dose was re- 
duced with disappearance of unpleasant 
symptoms and was later increased to its 
former level and beyond without recur- 
rence. In 2.5% tlie drug could not be 


ii^ed at any dosage level witlioiil dis- 
tre-.ing inaiiife'itatioiis. If the drug was 
stopjieil fur 10 day.s or loimer, tlie resump- 
tion of iis Use might again he iis-oeiatcd, 
although not nee(-x.,;irily, with the origi- 
nally experieiieeil side eifeel.s. to which tol- 
eraiiee could again be aerjiiirisi. 

.\ decrease ill tile iiiijileasaiit elleets 
produced by “Meiiadryl” was oeeasionrdly 
as -oeiated with a deerea.se iu the eflcetivc- 
iiess of it, aelioti against the condition for 
whieii it was being administered thera- 
peutically, .\!i increase in dosage iisiially 
overcame this prohlem and was rarely 
associated with a reiairreiice of the “toxic” 
nianife.statioiis for which tolerance had 
been iie(|nired. 

'riie e.\;ie[ nalnre of many of thi'se to.xic 
.syniptoiiis is not clear. 'I'lie conibination 
of drow.siiie.ss, dizziness, lightheadedness, 
thiekne.s, of speech, sligiit incoordination 
of inovemeiil.s, am! inijiairment of vision 
are (piite suggestive of a hvoscine-like 
action. ICven the lowering of hlood pres- 
sure seen with the larger (lost's utilized for 
prolonged periods of time may he similarly 
interjinued. 

The Qiirslton of Domgr. IIoiv much 
“Ilenadryl” shall we give and how long 
.shall we iisc it? The practical considera- 
tions of the two point.s raised in this ques- 
tion hinge upon the fact that "Ilcnadryl” 
liIock.s the action of histamine in a quan- 
titative maimer and is utilized in the 
procc.s.s. "riicreforc, the matter of dosage 
i)ecomc.s a higlily individualistic one, 
varying from patient (o patient and often 
in the .same patient from time to time. 
I*’or any one of the conditions in wliich the 
drug has been found useful, we have em- 
jjloyed successfully as little as a single 
capsule (50 mg.) daily in some instances, 
and in others have needed as much as 
COO mg. daily, .‘\bove tlie latter dosage 
we have not tried tlie drug. Tliere is 
certainly no rule of tliurab wiiicli covers 
.all cases. However, experiences to date 
afford us a few general principles. 

1. All ambulatory patients should begin 
treatment with 50 mg. three times daily. 

If well tolerated the dose may be rapidly 
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increased — even doubled or Irelded — with- 
in 24 to 48 hours. 

2. The first dose of drug should be 
given at a time when tlie patient will not 
1)0 called upon to perform skilled move- 
ments depending upon acts of judgment, 
for should he prove to be .sensitive to the 
drug, irre.sistible drowsine.s.s, or perhaps 
flizziness or blurring of vision may materi- 
ally interfere with his activity, or even 
endanger his life. If this dose causes no 
distress, the patient need have little fear 
of siibsequent disturbances, ex'cept in the 
rarest instance. 

3. If the drug has been discontinued a 
considerable length of time, dosage should 
be resumed as though the patient had 
never previously received it. 

4. Some diseases appear to respond 
more readily and at lower dosage levels 
than do others, although it cannot be 
overemphasized that each patient must be 
thoroughly individualized in this regard. 
In a general way, however, we have been 
successful with smaller dose.s (around 150 
mg. daily) in such conditions as hay fever, 
hyperesthetic rhinitis, and IMeniere’s syn- 
drome. The greatest extremes of dosage" 
have been necc.ssary in such conditions as 
angioneurotic edema, generalized pruritus, 
urticaria, allergic eczema, spastic colon, 
and migraine — varying from 50 to GOO mg. 
daily. Larger to largest doses have always 
been ncce.ssary to control bronchial asth- 
ma, ncurodermatitis, functional dysmen- 
orrhea, intractable insomnia and cardiac 
asthma, none of these responding readily 
!)('Iow a dosage level of 200 mg. daily, and 
the majority demanding the continued 
n.se of 300 to dOO mg. daily. Indeed, it is 
now our rule to start patients with bron- 
chial or cardiac asthma on GOO mg. daily, 
usually reducing to *100 mg. daily after 
21 hours. However, we have maintained 
the initial dose for 1 week without ill 
elTects. Four hundred mg. has been 
administered daily for a.s much as 1(50 
day.s, during which time the patient has 
been completely free of att.aeks formerly 
occurring every tiight and us\ially at some 
time iluring every day: a kx-^ser dose was 


ineffective. In connection with asthma, 
it should be stressed that the nature of 
“Benadryl” activity does not adapt it 
well to the immediate control of an already 
fully developed acute attack. It will pre- 
vent an attack, and it will gradually bring 
status asthmaticus fully under control. 
In other words, it cuts off the suppK' of 
available reactive histamine, but is rela- 
tively ineffective against the tissue re- 
sponses already initiated by that substance. 

Intractable insomnia usually responds 
best to a single large dose of the drug at 
bed time. Usually 100 mg. is sufficient; 
occasionally, 150 mg. will be required. 
Sometimes the latter dose is followed bj' a 
“liangover” the next day. 

5. The duration of treatment with 
“Benadryl” appears to be limited only 
by the requirements of the treated indi- 
vidual. We have given 400 mg. daily, for 
more than 200 days without any sub- 
jective or objective evidences of untoward 
reaction. Patients with chronic derma- 
tologic conditions, liyperesthetic rhinitis, 
chronic bronchial and cardiac asthma may 
all demand prolonged courses of treatment. 

6. The beneficial influence of “Bena- 
dryl” may last for considerable periods of 
time after the drug has been discontinued, 
even though the total period of treatment 
was short. One patient with hyperes- 
thetic rhinitis of 15 years’ duration with 
nearly continuous symptoms has been 
free of any attacks for 6 months following 
one week of treatment with 100 mg. daily. 
A child of 9 years with allergic eczema 
dating from the first year of life received 
2 weeks’ treatment with 150 mg. daily. 
There was no recurrence for 3 months. 
Following a second similar course of treat- 
ment, there has been no recurrence for 
6 months. 

We have dwelt somewhat at length 
upon the question of dosage, for it is 
apparent tliat many failures to obtain 
best results from the drug have been 
predicated upon the hesitancy of the 
physician to vary the amount given. No 
rule of thumb” dosage chart seems 
advisable in the present .state of oup 
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kiin\vl(“(l);('. Till' iintiirc of tin* ilim‘!i‘;i' 
ami till' imliviiliial ri'actioii iuitli play a 
part ill ilrti'niiinin^; flu' optiiniim iloii' in 
I'ai'li imliviiltial instani'i'. 

Summarj’. 1. Si\ty normal siihji'ct'. 
ami Minu' of 212 (latiriits liavi- In i'ii Mih- 
ji'i'ti'il to I'xti iisivi' ilinical stmly wliili' 
ri'ccivin^: ilimi'tliylaniinoi'tliyl limzliydryl 
I'llii'rliyilrocliloriili' ("Itenaiiryl’’). Atnonj; 
till' positive' cITi'oi.h olisorvi-d wero: 

(/i) Siipjircssion of tlir drrnml ri'spfinsi' 
to Iiistaminc in all of 27 imlividnals slmlii'd. 

(f>) A dcprrssion of pistric acidity in 
20 of 21 .siilijccts for uliom Midi analy.si'i 
was niadi'. 

(c) An atrojiinc-likc action ii[ion the eye 
in ‘l-'l of (10 Milijccts following the tojiical 
apiilication of thi' dnif: in a ().’>'! .solution. 

(d) .V lowering: of Mood jircssuri' of 
more than 10 mm. of mercury in 2ft of 
71 patient.s when larfje doses of the driif,' 
were used; and orthostatic hyjuitcn'eion 
in live of these .suhjeet.s. 

fe) .\n increase in ;jhieose tolerance 
following’ the intravemnis administration 
of a .sin/,'le dosc of 20 m^'. “Ilenadryl”; 
and no ehanj'c in tolerance followinj,' a 
unit dost' of -100 nij;. orally. 

2. 'J’wo hiimired forty-two jiatienl.s have 
received “Ilenadryl” over periods of time 
varying from 1 day to l.'i month.s. More 
than 00 fp of all patient.s with angioneu- 
rotic edema, KCtirmhi^efl jiruritus, urti- 
caria, and allergic hydrartho.sis were 
relieved. Over S0% of all patient.s with 
broncliial a.sthma and functional dy.s- 
mcnorrhea were improved. Hetween oO 
and 80% of all patients with allergic 
eczema, vasomotor rhinitis, hay fever, 
spastic colon, other gastro-intcstinal neu- 
roses, migraine, Aldnierc’s .syndrome, in- 
tractable insomnia and cardiac asthma 
were materially helped. Other conditions 
in which the drug was tried included 
neurodermatitis, hypertension, degenera- 
tive lesions of the central nervous system, 
epilepsy, duodenal ulcer, cirrhosis of the 
liver, Sudek’s atrophy, cardiospasm, inter- 
mittent,. claudication, thyroto.xicosis and 
pruritus ani. 


3. Klfcctive dosages of “Hcnndryl” 
ranged from .'lO to (’>00 mg. daily. Initial 
••linical response; usually followed within 
20 minutes after the first dose, but were 
often delayed, as for instance in bronchial 
asthma, for from 12 to ,'10 hours. Mainte- 
nance doses have varicfl from .lO to -lOO mg. 
daily. 

•1. rntoward .sidi' cfTcets of "Ilenadryl" 
have been observed with unit doses of 
.'>0 mg., but may not occur with single 
dose.., as large as 400 mg. nor with riaily 
dose> of (i(K) mg. eontinueil for periods up 
to 10 weeks. Tlit'sc "toxic” inanifesta- 
tions ineluihxl, in the order of their fre- 
<pieney of oeeurrenee, drowsinc.s.s. dryness 
of till' month, di77.ine>s, weakne.ss and easy 
fatigability, incoordination and lighthead- 
edncss and blurring of vision, rnconi- 
inonly .seen were heailache, nausea, ano- 
rexia, all-gonene.ss at the pit of the 
.stomach, buckling at the knec.s, re.stlc.ss- 
lU'ss of the legs, e.xcessivc pen.pirntion, 
faintness, intolerance of noise, and ringing 
in the ears. A tolerance is usually built 
up quickly again.st these unp!ca.sant symp- 
toms. In the majority of instances this 
occurs .so rapidly that the dosage of drug 
u.se<l at the time of their occurrence docs 
not need to be altered. 

Conclusions. "Ilenadryl” is an alka- 
niine ether xvith a powerful antihistamine 
action. This is clearly indicated by its • 
ability to suppress completely the dermal 
and gastric responses to histamine, and to 
decrease capillary permeability. These ef- 
fects arc further demonstrated through the 
clinical relief alTordcd patients suflering 
with diseases in which sudden and/or 
prolonged releases of c.xccssive quantities 
of histamine play a pathogenetic role. 

An atropine-like activity for “Bena- 
dryl” is suggested b.^’ its c/fects upon tlic 
eye when applied topically. The varia- 
tions in blood-pressure may simulate one 
phase of the action of atropine. 

Disturbances in the sensorium observed 
in some of the patients receiving tlie drug 
have suggested a liyoscine-like action. 
jMoreover, the cardiovascular manifesta- 
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tions of the drug are compatible with the 
known influence of hyoscine in one phase 
of its action. 

From the clinicians’ point of view, 
“Benadryl” is an exceedingly potent anti- 
histamine and antispasraodic drug which 


lacks unpleasant cardiovascular and nerv- 
ous side effects attendant upon the use of 
sympathomimetic agents such as epi- 
nephrine, ephedrine and benzedrin. Toxic 
reactions, while common, rarely preclude 
its continued use. 
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li\ 1938, Davis and White^ utilized hu- 
man ascitic fluid successfully as “a sub- 
stitute for blood in experimental secondary 
shock induced by graded bleeding,” ai. the 
same time observing tlie “absence of any 
deleterious effect in their experimental 
animals.” A few months later, Choisser 
and Rarasej'^ reported similar success in 
primary shock. Working along this line, 
one of us (H.S.) et al.® conducted experi- 
ments to verify such reports, and in 1940 
reported equally encouraging results in the 
management of histamine shock in dogs, 
all of which survived, “the blood pressure 
rising above the shock level and back to 
the initial level even one hour after the 
cessation of the treatment, without any 
apparent deleterious effect.” In human 
clinics, however, the use of human ascitic 
fl\iid has been very limited, as BarB re- 
marked that same year. Under the cir- 
cuin.stances we shall here describe, during 
the Japanese occupation of the Philippines, 
these few studies made on this sulijeet, 
however, turned inspiring enough for us 
to dare try it in actual human cases and 
enjoy the privilege of observing its good 
results. The cases herein reported are, 
to (late, the first of their kind in the Philip- 
pines. It is, therefore, mainly to incite 
more interest towards the proper appraisal 
of this therapeutic measure that we report 
these few cases in view of the very en- 
couraging rcstilts we obser\'ed. 

C.\sv: 1 . Oar 7’noi Cose. Our trial case 
w.ns a male Filipino, of middle adult age, 
admitted into the medical service as a case 
of portal cirrliosis. Ascitis and edema of 
the Icp were marked. Repeated injections 
of sa]\Tgan gave temporary relief, as the 


, p, 1. 

diuresis that followed each injection elim- 
inated a great portion of the edema. How- 
ever, both the ascites and edema of the legs 
reappeared days after the mercurial injec- 
tions. The ascitic fluid was a trausudate. 

We then tried injecting into the patient 
his own ascitic fluid. Being our first case, 
the amount injected was only 5 cc., with our 
attention focused more on the possible un- 
toward effects rather than the probable 
therapeutic results. The patient was 
watched continuousl}’- for the next 24 hours, 
particularly for cardiovascular develop- 
ments. 

Fortunately, no untoward result whatso- 
ever was noticed, not even a mild febrile 
reaction. The injection was, thus, later 
repeated, until the single dose reached 20 cc. 
In all, no serious ill effects were observed. 
We repeat, however, that our main purpose 
in this trial case was to see any possible 
untoward effects. We did not then enter- 
tain its therapeutic poteiitialities in portal 
cirrhosis. Rather, these trials were inspired 
by our search for a possible substitute for 
other parenteral fluids, as whole blood, 
plasma, Ringer’s solution and others, which, 
however ideal, were evidently disappearing 
from our armamentarium during those occu- 
pation daj’^s. 

It must be mentioned how eases of hypo- 
proteinemia were on the up-trend during 
those days, as a natural result of food 
scarcity. From these cases easily de\'el- 
oped varying states of shock, especially 
when severe diarrhea and A'omiting pre- 
cipitated its rapid onset after the intake 
of some “spoiled food,” indicating how 
frantic the straggle for existence then. 
From our trial case, therefore, we not 
only obtained our first clinical obsen-ations 
but also served .as onr first so\irce of 
ascitic fluid. 
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Cask 2. VhtUiI ('irrlinsiH Dcvdointtg Cul- 
//i/i'.-c ojlrr Swld' ii Pt r/onilinii of Prptir 
Vli'ir. C. I''., « (iO yi'.'ir old mnlc I'ilipino, 
was adiiiilti'd into the medical service on 
I'obniary lo, 1011, becau'-e of K(>nern!iml 
abdnmitial enlar^:enient and epifjnslrie pain. 

Hvidcnecs of the (xirtal cirrlio-is were the 
ascites and edeana of tlic lej^s; tin* brntn- 
sul])balcin test wliieb f;avc a retention of 
IS% in tlie half hour s|)eeiinen .and about 
lO^c nt the hour. 'I'lie aseitie flind was a 
tratisndatc, with nine grains [mt liter of 
protein. 'Hie lilood N'PX was 2.') iimm. |mt 
100 cc. 'I'ho urine voided was aronnd 800 
ee. in 2-1 hours. 

Tlic c.xistence of pejitie idcer was also sup- 
ported by the history of recurrent attack.s 
of epigiustric j)ain for d years tlaai, e.spccially 
so when hungry and relieved by food, alkali 
and liot water bag application. 

On February 2.8, he develojxal inelena. 
Tiie next day, acute abdomen became evi- 
dent, with tlie blood pre.'.sure dropping to 
nO/GS mm. Ilg. and the pulse rate going up 
to 130 per minute. Fluoroscopy revealed 
pncurnoiK'ritoneum. The case was immedi- 
ately operated upon, revealing a i)erfornted 
peptic ulcer. IfypochTmoclysis of -100 ec. 
of Nor. Salt Sol. wa.s given, simultaneous 
with vcnoclj’sis of ascitic fluicl amounting to 
more than 100 cc. given during the opera- 
tion. No untoward results were ob.servcd. 
The patient continued in the surgical service 
a whole week after the operation, with the 
peripheral circulatory failure never com- 
plctelj’ controlled. No second vcnoclysis 
was given as no more fluid was then avail- 
able. In fact, no other fluid could bo ob- 
tained for intravenous administration. With 
hypoderinocl3’sis and circulatorj' stimulants, 
the patient’s struggle finall}' gave waj'. It 
can, however, be definitely' stated that the 
ascitic fluid given during the operation 
proved to be innocuous. 

Case 3. Nephrotic Syndrome. In this 
third case, we tested the use of ascitic fluid 
as a possible diuretic and remedy' in hy'po- 
proteinemia of nephrotic nature, considering 
the relatively higher protein content of the 
ascitic fluid and its possible use as a substi- 
tute for other recommended fluids, as acacia 
solution and lyopliile serum, both of w'hich 
were evidently' out of reach during those 
days. 

J. T., a 12 year old male Filipino, came to 
the service on April 22, 1944, with abdominal 


eidnrgciui'nt jind .swelling of the lower ex- 
tremities. 'J’he i)re.scnt attack of edema 
was the .second in a [leriod of 4 rnonth.s. 

'I’lie dingnosi.s of nephrotic .syndrome was 
.siij)j>orted by the niarked ana,«arca, the 
normal blood" pre.-siirc of 101/90 mm. Ifg., 
the hypojiroteinemia of .o.l gm. ,0, and the 
inverted albumin globulin ratio of 1:1.40. 
I’urthermore, there was pleural elTusion in 
the right thorax. The urine e.xhibited 
imirked .'ilbuminuria, with 1 -b granular 
cast.s, 1 -s- pus cells and 2-f red cells. 

On further study' of the etiology of the 
.syiulrome, the abnormal equilibrium between 
the intravascular and extravascular fluids 
bccariie our main concern. For immediate 
relief, j).'iraccntcsis abdominis wa.s performed, 
collecting a liter and a half of clear ascitic 
fluid. 

Tiicti on .May' 4, sterile human .ascitic fluid, 
obtained from a cirrhotic patient, w.as given 
intravenmisly. The patient complained of 
some tightne.<s of the chest, as we reached 
the 100 cc. level. So, further admhiistration 
was .susi)cndcd. We noticed that the injec- 
tion was going on quite rapidly', and it was 
to this that we later ascribed the slight un- 
toward cfTccts. At noon time, ho developed 
some chills and headache, and the tempera- 
ture ro'o up to 3S.9° C. One half cc. of 
1:10,000 adrenalin solution was immediately 
given hyj)odermically. In the same after- 
noon, everything subsided. The remarkable 
results, however, more than made us sur- 
prised ns the following days the patient 
began to eliminate large amounts of urine. 
From a 24-hour output of from 200 to 300 cc. 
before the injection, he urinated up to 2.5 
liters daily', with a consequent drop of body 
weight from 37 kilos to 25 in less than 5 
days. The diuresis continued at more than 
a liter of urine in 24 hours even after that 
immediate response, which thus prevented 
the reproduction of the former anas.arcic 
state. 

On May' IG, a second intravenous injection 
was given, this time with only' 20 cc., done 
so purposely' to test whether with smaller 
amounts diuresis could also be obtained. 
The record, however, shows no further in- 
crease in urinary output, although the out- 
put maintained itself at the same pace of 
more than a liter. No untoward effect was 
observed in this second injection, as it was 
then given very' slowly. To evaluate the 
results better, all other diuretics, such as 
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potassium acetate, were suspended da 5 's 
before the first intravenous injection of 
ascitic fluid. Even the fluid intake was con- 
trolled, to avoid any possible effect from an 
increase of extraneous fluids. 

On June 3, the patient was allowed to go 
home, with practically no edema, e-xcept for 
some puffiness of the eyelids early in the 
morning, with the body weight at 25 kilos, 
and still with a daily output of more than 
a liter of urine. 


This illness was closely associated to the 
taking of some “cassava” a few hours pre- 
vious to the onset of the whole syndrome. 
No fever nor tenesmus was noticed by the 
patient. The stools were at first hard, but 
soon became soft, loose and finall}’’ com- 
pletely ^^'ater 3 ^ Collapse set in within three 
hours of almost continuous bowel move- 
ments. 

The temperature was 35.4° C., the pulse 
imperceptible, the heart sounds practically 
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Fio. 1.— -Nephrotic Syndrome. 24 hour urine output and body rveight curves before and 

intravenous injection of ascitic fluid. 
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Casu 4. Case of Shock After Severe Diar- 
rhea and Vomiting, Probahhj Due io Food 
Poisoning. It was in this fourth ca.se that 
we ro.tlly met the condition for which we 
originally intended the ascitic fluid. The 
case was one of severe shock, rapidly devel- 
oping after intense di-arrhea .and repeated 
voiniting due probably to food intoxication. 

1 . R., male, Filipino, 40 years old, was 
brought as an emergency case at S;50 A.M. 
of Sept. 13, 1944, in a state of collapse. The 
trouble st.arted the previous night as abdom- 
inal pain, followed by diarrhea and vomiting. 


inaudible, the blood pressure unrecordable, 
the e 3 'eballs sunken, and the skin with cold 
clammy sweats. Marked paleness was evi- 
dent. Consciousness, however, was still 
present, the patient complaining of muscle 
cramps, especially of the calf muscles. 
Laboratory reports: 5,150,000 red blood cells 
and 11,500 leucocytes with practically 
normal differentia] count. The stools pre- 
sented no macrophages nor parasites, with 
few leucocji.es and completely watery in 
consistenej'. 

He was treated with blankets and hot 
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water bans to llie oxtreinities; eirciilatory 
stiimilaiits; anil hypoilerinoelysis of ,’)00 ee. 
of N..S.S. were niven as initial measures. 
'I'lien aOO ee, of sterile hninan aseitie llnid 
was aiiministereil by slow intravenons injee- 
lion. No untoward effeet was notii-eil ilnrinn 
anil after thi; injeelion. At I'.U.’) I'.M. of 
that same day, tbc pulse became perceptible 


ascitic tlnid was then niven at oiOO of that 
same afternoon. 

'I’he next morning, tiie patient w.as evi- 
dently already out of danger. ,\t S:flO. hi< 
temperature was ;t(i.r C., tlie pulse already 
full, with a r.ate of HK) jier minute, restlc.-s- 
ne.is subsided and the facies revealed the 
onset of eonvaleseenee. At 1():()() the 
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Fio. 2. — Shock, duo to food poisoning. 


for the first time since the onset of the 
collapse, with a rate of 120 _ per minute, 
though still weak and easilj' collapsible. 
Temperature was 35.6° C. The blood 
pressure was still undetectable. At 2:00 
P.M., the sphj'gmomanometer finally regis- 
tered a systolic reading of 32 mm. Hg. 
Another intravenous dose ' of 500 cc. of 


blood pressure reached alrcadj' 112 systolic 
and 90 diastolic; and at noon, his tempera- 
ture reached 37.8° C. with the pulse rate 
of 75 per minute. All medications were then 
stopped, and only food and rest were pre- 
scribed. Two days later, he left the hospital 
completelj’ cured. 
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Other Cases. Two Cases of Shock 
After Perforation of Peptic Ulcer. After 
the above mentioned cases, 2 other cases 
received intravenous injections of human 
ascitic fluid. They were cases of shock, 
following perforation of peptic ulcers. 

The ascitic fluid was given as emergency 
measiire, administered intravenously dur- 
ing tiie siirgical operation. The amounts 
given varied, according to the available 
supply of ascitic fluid. However, no less 
than 50 ce. was given in each case. These 
2 eases unfortunately succumbed a few 
days after operation, due to various con- 
riitions. We can safely state, however, 
(hat no untoward effect was noticed during 
and immediately after the intravenous 
administration of the ascitic fluid, nor can 
it therefore be the possible cause of the 
fatal outcome. On the contrary, it could 
lie even asserted that it contributed its 
own towards the survival of these patients 
from the immediate dangers of both the 
operation itself as well as the collapsed 
state with which they went to the oper- 
ating room. 

Criteria and Precautions Ob.served. 
Cognizant of the possible untoward and 
even fatal effects of this procedure, we 
observed strict precautions in the selection 
of ascitic fluids. The only kinds of fluids 
suitable for such intravenous use are those 
having the character of transudates; exu- 
tlales being absolutely contraindicated 
even if these were ajiparentl.i’' sterile. We 
obtained the fluids following the routinary 
procedures for an aseptic operation, col- 
lecting it into sterile bottles. In this 
regard, some workers recommend the use 
of citrate. In our cases, we did not feel 
this to l>e very necessary, inasmuch as, 
after all, thc.se fiuiils rlo not tend to coagu- 
late spontaneously. Our sources were 
cirrhotic eases, cardiac cases, hypopro- 
tcineniic cases, both from iindernutrition 
us well as of nephrotic nature. 

.\ .small .sample was collected into a .sep- 
arate wntainer for aunpleto laboratory 
analysis. A simple Ri valla test S(tnietitnes 
was not sunieient. in view of false reactions 
fur exudate even if the fhiid was a real 


transudate. Tins wa.-? particularly true in 
those in which the fluid had been in the 
body cavity for a sufficient length of time, 
allowing a good proportion of the water to 
be absorbed and leaving a good percentage 
of proteins in a relatively small liquid, thus 
sufficient to give reactions for exudate by 
the method of Rivalta. Such fluids would 
have been discarded if not further studied. 
And, these arc precisely the kind fluids 
which serve best our purpose, in intra- 
venous injection — transudates with high 
protein content. 

Total proteins were determined by 
eitlier Esbach’s simple technic or by the 
more elaborate procedures for total pro- 
teins in the blood. Then, cell counts and 
bacteriological studies were made. Need- 
less to say, fluids yielding positive cultures, 
especially for spore-forming bacteria, were 
immediately discarded. On the other 
hand, a total cell count of 10 per cu. mm. 
was taken as the standard for transudate 
fluids. 

Then, after it had passerl the above 
criteria, the fluid w^as finally filtered 
through a Seitz filter into sterile containers 
and then heated in a w'ater bath at G0° C. 
for 2 hours for 3 consecuti\'e days. Thus, 
the fluid becomes ready then for either 
homologous or heterologous intravenous 
transfusion. If not readily used, it could 
be kept at refrigerator temperature pref- 
erably not above 12° C. 

Comments and Summary. IVe repeat, 
these trials in Imman cases are the first 
of their kind in the Philippines. It was 
only because of the peculiarly unusual 
predicament in which we found ourselves 
during those three years of Japanese occu- 
pation tliat we felt courageous enough to 
resort to this measure in human cases, as 
a possible last remedy, in the absence of 
other fluids that are more highly recom- 
mended for parenteral use. 

Fortunately, not only did we verify the 
few sucet^ssfu! results that we were then 
aware (»f. not on e.xperimental animals this 
time but in human patients, but also we 
realized the fact that a.scitic fluid for intra- 
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RENAL EXCRETORY FUNCTION AND DIET IN DIABETES INSIPIDUS 


By Samuel B. Beaser, M.D. 

(AsBistaiit ill Medicine, Harvard Medical School, and head of the Diabetic Clinic, Heth Israel Hospital, 
Boston, Mass., on leave of absence in the U. S. Army.) 


The primary dysfunction in diabetes 
insipidus is a deficiency in the supply of 
the antidiuretic Iiornione of the posterior 
pituitary gland, resulting in deficient re- 
absorption of water by the distal renal 
tubutes®° and thereby producing polyuria 
and polydypsia. In the diabetes insipidus 
of the dog, Winter, Ingram and Eaton^' 
have shown that tlie poluria varies di- 
rectly with die total dally osmlllimolar* 
excretion of NaCl and nitrogen (calculated 
as urea) of the urine. In man, likewise, 
these two constituents form the bulk of 
the various .solids of the urine both in tlie 
normal'''' and in the diabetic insipidus 
jiatient'"; accordingly, a similar simple 
quantitative relationship might conceiv- 
ably exist in the human also. This in- 
vestigation was undertaken in order to 
clarify this point by a study of the renal 
excretory function of human diabetes in- 
sipidus. For this purpose data were utilized 
both from our patient and from eight other 
cases culled from a review of the literature 
on diabetes insipiejus.® "'’ '''’'” ''*' 

Methods. Our patient was placed on a 
succe.s.'^ion of measured diets, all equicaioric 
(uixiut 2800 Calories) and varying in a cal- 
culated maimer with regard to salt aiid/or 
jirolein. Tiiis patient a.s well as those of 
the other authors were allowed water ad 
libitum throughout all dietarj' regimes. Tlie 
daily urines were collected from 7 A. M. to 
7 A. M., the patient eating breakfast shortly 
after that hour. Total urine chloride was 
performed by the method of McLean and 
Selling*' (expressed as grams of NaCl per 
liter) and total urine nitrogen by the micro- 
Kjoldahl method. In the caiculation of 
milliequivalents of nitrogen in the urine, all 
the nitrogen was assumed to be in tlie form 
of nrea.t following the method of Winter 
et al.o This method of calculation of nitro- 


gen excretion was followed also in recalcu- 
lating the results of the other authors. In 
the conv'ersion of milliequivalents to osmilli- 
mols, no change was necessary in the case 
of nitrogen; the value of salt in milliequiva- 
lents was simply multiplied by two. 

The cases of the other authors had had 
similar studies performed with diets varying 
in each patient both as to salt and protein 
intake so as to provide a range of daily 
e.vcretion of nitrogen and salt from 200 to 
700 osmillimols. The urine specimens had 
been studied in essentially the same w'ay. 

Plan op Study. Our patient was placed 
on dietary regimes for five successive pe- 
riods as noted in Table 1 . The salt supple- 
ment to the diet was administered dis- 
solved in fruit juice. In order to achieve 
an arbitrary tobil of 140 gm. of protein a 
day most conveniently, supplements of 
gelatin powder (Knox gelatin: 80% Pro- 
tein) were administered in fruit juice. 
On the last day of period 5 (all periods 
were four days in length), the patient 
experienced anorexia, so that a small por- 
tion of the diet was not ingested. 

The 8 patients of the other authors liad 
similarly been placed on diets varying in 
protein and salt content, but not in the 
same calculated succession. These pa- 
tients were either on a single type of 
regime for longer periods of time or simply 
on high or low salt or protein days. They 
all had in common however a number of 
days with sufficiently wide variations in 
total daily osmillimolar excretion of uri- 
nary producers. 

Results. Three characteristic deviations 
from normal renal function, observed in 
isolated cases previously,'”’’-'^ are here 
(Table 2) delineated more quantitatively: 
A. The Ix>w Average Urine Conccniraiion; 


OsmlHimoTs = g ^ tuillimols NaCl -r tnllUmols virva. 
t 1 iu« woUiod intn^ucw! a smull rrror. p.-srlicularly at low protein diets where the 
the isitrojrcnous exemtion pnxinets of higher molecular weieht is increase<i.D '‘ “ 


proportion of 
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II. The l/)w Maximum Urine t'onren(r»~ I’if,'. 1 sliow.s a typical example from the 
turn; C. The Low I{e.<<erTe Urine Cnncrn- data* in 1 case. The renal excretion curve 
Iralhip Pnirer. A.s a conclusive ilemon.stra- of eaeli patient, individually eharacter- 
tion of the nxe<l elmracteristie of the urine islie hotii as to slope and position in rela- 
of diahetes insii)idiis, the normal is seen tion to the coordinates of the graph, could 
to have •12 time.s greater range of eoneen- therefore he descrihed mathematically hy 
tratitig power than these patients. Tliesc the formula: 

<’oneInsions can he applied equally well to UV = UVo + S • 0,ni 

the nitrogen and salt concentrating powers where UV is (he daily urine output in 

separately. It may also he noted that all liters, S the slope of the curve and Osm., 


Taih.k 1. — t)o-.T.Mir Uj;oimi;k rou I’lvr, Sc(:cr.«'»ivr. Pkuiods 



ToUiI 

Kfxxl 

Crl.alin 

'I'otnl 

NaCl 

FikhI 


Dirt 

I’fotciii 

I'rolrin 

Protein 

NnCl 

NaCl 

IVriml 

Intake 

Iritnkr 

.\il.lr.l 

Intake 

Intake 

.tildwl 


tim. 

0(». 

Cm. 

Cm. 

Cm. 


I. 

85 

85 

0 

0. .5 

0.5 

0 

11. 

31 

31 

0 

0,5 

1.2 

•1.3 

in. 

31 

31 

0 

1.2 

1.2 

0 

IV. 

MO 

85 

.55 

1.2 

1.2 

0 

V. 

MO 

85 

55 

1G.5 

G.5 

10 


'I'aiii.k 'J. — VAalATlos^ is Unisr. Cosi'Kstu^tions k^v Voi.cmc* 

Ifi'lptdu'* 

Coin(K>«efjl Itanu<* Avrrnuv Nornmlt 

Nitmtjen (as . . Max. 110-00 -10 0 S75 (Chnus.sin') 

Miii.0-:{t 17.2 102 (rolinU) 

Difr. 17. .'•.-11,0 20.7 7i:t 

NnCl Max. 21-175 05.0 715 (Chmissin) 

.Min. 1. -1-80.0 2;i.2 MO (Folia) 

Ditr. :i. 5-05.0 12 7 590 

Total N plus NaCl . Max. 50.8-215.0 91.0 1250 (Cliausain) 

Mill. :!0-lf.5§ 72.:!§ -MO (Folin) 

Dirt. 5-50 10. ;{ SIO 

Urine Volume . . . Max. 5.5-17.5 10. S 

Min. 1. 0-0.2 a.G 

Dirt. 3.1-M.O 7.2 

Comparative table of urine volume and concentration characteristics of normal and 9 diabetic insi- 
pidus patients (including the recalculated data from S cases of other author^'-‘’'’°‘“ “). 

* The urine volume is expressed in liters, the remaining components as osraillimols per liter. 

t The diabetic insipidus patients had Ijeen on diets varying considerably but only a few approached 
in severity the stress under which the maximum values for the normal had been obtained. 

t The data for the normal human at maximal dictaiy stress wore secured from Chaussin* as a resultant 
of several experiments on one patient and at normal dietaiy stress from Folin'® as an average derived 
from 0 patients. 

§ These concentrations were secured from Table 3 C. The figures for the range were based upon the 
values of the individual patients in each case, maximum, minimum and differences. 

the urine concentrations were reduced uni- the total daily renal e.xcretion of nitrogen 

formly to about the same low range with- (its urea) and NaCl in osmillimois. UVo 

out a gradual transition from the normal, is the intercept constant of the line with 
For ail the 9 diabetic insipidus patients the UV axis. These constants are shown 
the relationship between daily urine in Table 3. 

volume and daily output of urea and NaCl As a consequence of the above formula- 

in osmillimois could be expressed with tion, 2 additional characteristics of the 

sufficient accuracy by a straight line, renal function in diabetes insipidus emerge: 

* The relationsliip was not as smooth when calculated in terms of milliequivalents. Osmotically, 
nitrogen and salt are of equal importance in the usual range of diets and renal excretion. 
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]). The Increment of Urine Necessary to 
Excrete Each Additional Osmillimol of Salt 
or Urea is Constant and Characteristic for 
Each Patient and E. In a Given 

Diabetic Insipidm Patient, the Urine Con- 
eentraiion Expressed as Osmillimols Per 
[Atcr Increases as the Total Osinilli molar 
Excretion Rate Increases-, in Different 


Patients, The Rate of Change in the Total 
Osmillimolar Excretion Rate is the Greater 
the Greater the UV^ of the Given Patient. 
Inspection of the actual data of these cases 
confirmed the latter statement in that, as 
the patients clianged from lower to higher 
dailj’ total excretion rates, those patients 
with the greater UVo showed increasing 


0 *n.v 



Kui. 1. — Fiom u case of Imtniiu diabetes insipidus (Meyer”’ Case 1), data recalculated. The rola- 
tioiiHiiip between urine volume and total daily combined output of nitrogen and NaCl in osmillimoKs 
(labelled ostnols) ot\ varjnng diets. Square sjnnbol represents output on unrestricted did. The dotted 
line extension was an extrapolation. This curve was dniwii by visual csfimatioii. For constants ae- 
eordiug to the method of least squares, see Table 11. 
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Diet, 

•Meyer 

V 

Allen 

IV 

Rcaser 

.■\. Unrestricted . UV 

i> . r, 

S.O 

10.5 

11. Xonnal (I'olin) UV 

2.7 

0.7 

7.3 

Osm. 

•110 

•140 

•140 

C. Normal . . . 1,'V 

2.S 

O.S 

7.2 

(c.alcu!ated) Oam. 

-i(>2 

.->10 

434 

f). Ikiw .s'ait .\ve. , UV 

1 S 

5.2 

4.1 

Protein Osm, 

2<t 

:i:»2 

250 

E. Isiw Salt Low . UV 

i.:i 

a. 7 

3.0 

Protein Diet .\ O.sm. 

lor. 

■)-70 

LSI 

!', Iaiw Salt Low . UV 

0.0 

2.1.'> 

2.5 

Protein Diet 11 Osm, 

i:i'.) 

ISO 

130 

CJ. Weight in Kgm. . 

7'^ 

‘HI 

01 

H, SlojK', . 

o.oo:if'. 

0.0122 

O.UldS 

1. Intercept, UVj . 

i.m 

I. IS 

1.04 

.1. Stand.vnI Error of UV 

0..M 

0 4S 

1 .OS 

K, Maximum . -n 

1.0 

It T.*; 

1.0 

nifferenees of UV 

0.7 

1 0 

2.21 


Dikt.xiiv UK.srutcTtoN 


.Mever 

U 

Case.-, 

TnlUivist 

Slenstreiii 

KiVM 

.\lrvrr 

1 

•Vilen 

in 

10.5 

10.0 

11.5 

7.5 

13.5 

10.5 

5.2 

7.0 

'J.7 

0.0 

fl.3 

P’ 2 

440 

440 

410 

440 

440 

-140 

,5 . 3,5 

7.0 

10.0 

6.7 

10.1 

11.0 

402 

443 

•102 

•102 

49S 

427 

•1.0 

4.5 

O.S 

5.5 

7.3 

8.7 

2S4 

205 

2Si 

2S4 

310 

24<t 

3.25 

3.5 

5.3 

5.0 

0.1 

7.2 

100 

100 

lOG 

190 

209 

175 

2.7 

2.S 

4.3 

4.0 

5.2 

0.5 

130 

130 

130 

130 

139 

139 

72 

0.5 

72 

72 

81 

GO 

0.0074 

0.0127 

O.OIol 

O.OOS4 

0.012S 

0.015 

2. 10 

1.02 

2.50 

2.04 

3.78 

4.4S 

0.00 

0.42 

1.23 

0..5G 

1.23 

2.00 

2 P^ 

0..S 

2.1 

1.3 

2.8 

4.8 

1.53 

0.7 

1.95 

1. 1 

1.5 

3.2 
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urine coi»ccntratinns whereas those with 
low UV' sliowefi relatively constant urine 
concentrations. 

As a fnrliier consc(|»icnce of this formu- 
lation, we must revise our usual <lcfinition 
of severity in this disease, namely: the 
urine volume excreted on a rc;;ular <lict. 
Instead, we may now estimate or calculate 
the severity of the diahetic insipidu.s renal 
function hy the area beneath the patient’s 
renal excretory curve or define its devia- 
tion from normal hy the ratio between 
that area and that smaller area beneath 
the relatively constant normal human 
curve. 


patient has been rearranged to illustrate 
the point that the greatest reduction of 
urine volume was attainable only when 
hnth dietary components were reduced to 
low levels* (protein, l.dfi grams per Jvgm, 
h(«!y weight and salt, 1.2 grains per day). 

In Table .'i, this conelnsion is confirmed 
for all the patients studied. The more 
moflcratcly restricted diet (A) was alile to 
reduce the urine volumes of o of the 9 
patients to the relatively convenient zone 
below .3709 cubic centimeters. It is seen 
that the likelihood of ameliorating the 
polyuria liy dietary restriction is the 


rjTK 

or 4^** ti»N»e 

mtc nvcMr 



(hat order. 


No simple mathematical relationship 
could be observed between the tofaf daily 
excretion of cifkcr nitrogen or salt and 
cither diet or urine volume. However, 
the relationship between dietary intake 
and urinary output can now be seen 
witli clarity. In Fig. 2, the data from our 


greater tlie smaller the tJVo- Furthermore, 
it is of interest that the diabetic insipidus 
patients’ desire for salt and protein when 
allowed a diet of choice cannot be relied 
upon to adjust itself to the concentration 
defect (unlike thirst). This is not related 
to the weight of the patients. 


* Th.-it these conclusions were not due to the short duration of the diet periods was shown by the 
failure of a IS day trial of a normal protein, low salt regime to reduce the urine volume to its lowest 


level. 
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Discussion. In defining more quantita- 
tively the range of renal concentrating 
function in these patients with diabetes 
insipidus, it is worthy of note that all have 
been reduced to a relatively uniform low 
level, with none in the wide transitional 
area. In the light of the increasing 
e\ddence for the large reserve capacity of 
the antidiuretic mechanism of the posterior 
pituitary gland,®'®^ this would seem to 
indicate that the disease represents prac- 
tically complete decompensation of this 
mechanism. The importance of this con- 
cept is that it would classify the remaining 
excretory and concentrating character- 
istics of a given diabetic insipidus patient 
as largely residual and extra-pituitary in 
origin. 

While the normal human evinces a 
slight tendency to constancy of urinary 
concentration on various diets,' this be- 
comes pronounced when the kidney’s 
concentrating powers are taxed.® This 
invariability of urinary concentration in 
the diabetic insipidus patient then seems 
to be an exaggeration of a normal tendency 
of the kidney made obligatory by the low 
concentrating ability and low reserve, so 
that it works at practically its maximum 
(although low) rate at all times. 

The straight line relationship observed 
between urine volume and osmotic output 
testifies to the exact correlation between 
water supply and requirements, since the 
diabetic insipidus patient cannot efficiently 
dispose of c.xcess water as can the normal.®® 
In view of the fact tliat thirst was the 
sole regulating mechanism of supply here, 
(his further confirms the close interrela- 
tionshij) between thirst and osmotic bal- 
ance of the body,'® represented here by 
osmotic excretory needs. 

With the all or none concept of the 
pathogenesis of diabetes insipidus in mind, 
we may speculate regarding the .signifi- 


cance of the mathematical constiints de- 
fining the renal excretory pattern of the 
individual patient. We might conceive of 
“S” as the basic distal tubular concen- 
trating pattern of the patient, the indi- 
vidual characteristic features of which 
were brought to light only in the absence 
(or deficiency)* of distal tubular water 
reabsorption. The variable UVo which 
elevates the curve of the diabetic insipidus 
patient by comparison with tire normal is 
equivalent to a constant excess of water 
requirement (thirst), independent of diet- 
ary load, and necessary to satisfy some 
set of circumstances associated wdth renal 
function and endogenous in origin. It 
probably is related to the other known 
renal abnormality of this disease, increased 
.salt reabsorption by the proximal renal 
tubules.®®'®’ This, if continued, would 
tend to produce a more hypertonic blood 
(with respect to NaCl); the latter can be 
recognized as a most important physio- 
logical stimulus to increased thirst,'® in 
this case one which would be rather pre- 
cisely geared (by a common origin) to the 
polyuria which it would be called upon to 
satisfy.! 

The renal excretory curve may prove to 
be a useful tool for the study of this disease 
and the evaluation of therapeutic pro- 
cedures; however, of immediate interest 
is the light it throws on dietary therapi’. 
Efforts to control the polyuria by water 
deprivation accomplish little e.xcept 
dehydration and needle.ss suffering.'®'"’'^® 
By contrast, it has been repeatedly ob- 
sorved that some restriction of dietary salt 
and protein has a beneficial effect. "•®®'®'''® '® 
Some observers attained therapeutically 
incomplete results due to inadequate re- 
striction of both constituents®® or due to 
the curtailment of only one of them.®® 
.•\llen. after a careful .studv, concluded 


that both had to be restricted radically to 

* If. some eoTOi to assert.” the aiabetic insipidus patient h.as nonnal kidnev c-xcretorv function 
nb'cLsa ’'' ’ increased thirst, he would have ,a curve of normal slope but olov.atcd above the 

1 It J .1 temptinfT to sjieculato that .a variable portion of the increased s-alt rcabsorption mav be due 
of tit occurrinK as a rclc.ase phenomenon in the absence or diminution 

Iv a f„ nof tenor piuutar>- pland. Under those circumstances. UVo should then 

K a function of the .ndrcn.a! .aeti^-ity of the patient and should ^-nTa• independently of the "P t t does 
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produce roul Ijcnefit, (hut (lie cfTccts were 
independent of caloric intake, and that 
patients could he so rejiiilated for lonp 
periods of time with no deleterious eifeets.’ 
Bceause of unpredietahle variation from 
patient to patient in the dej'ree of thera- 
peutic henefit attained,'’''^'' an understand- 
ahlc confusion ensued, resnltinj; in the 


necassarv and that the degree of success 
nttainahic is both variable and predictable 
from tlie "S” ami “UV„”. Moreover, the 
importance of nsincing protein intake 
<'aleula(ed on a weight basis would obvi- 
ously be gre.'iter the heavier the patient. 
In the practical management of a given 
ea.se, lietermination of tiie e.xcretory curve 
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Dikt (A)* 





iij 

(iriun- 




Fni 

CiirholiyJratf 


Hre-akfast: 





200 Rms. OniiiKo juice 

1 

0 

2! 

.010 

to pms. Dry cereal 

i.r, 

0 

7 .» 

.017 

30 irma. To.'Uit 


0 

10 

.130 

20 Km.-!. Butter — salt free 

0 

10 

0 

.001 

•JO Rms. Jeliv — 2 fnhlcsiK>ons 

0 

0 

20 

1) 0 

200 (uns. Milk 

0 

s 

10 

.300 

SO Kms. Cream 

1.'. 

m 

2 

.00.') 

20 RjuB. SuRar — 1 tablespixiu 

0 

0 

20 

0.0 

Dinner; 





•15 pms. Boast lieef. medium fat 

12.1 

s 

0 

.070 

too Rms. Baked sweet potato 

l.S 

0 

2S 

.060 

too Kins. AspaRiRus 

1.0 

0 

3 

.000 

too RTUB. Sliced tomato 

1.0 

0 

•1 

.060 

.30 Rnia, Mnyoiuiaise — 2 tnidc.spmma .... 

0 

22.5 

0 

,128 

30 Rnta. Brc.ad 

2 

0 

10 

.130 

20 Riua. Butter — salt free 

0 

10 

0 

.001 

‘to KTua, .felly 

0 

0 

20 

0,0 

100 Rnis. Banana 

1.2 

0 

’23 

, 200 

50 Rms. Cream 

1.5 

10 

o 

.005 

20 Kuia. .StiRar 

0 

0 

20 

0.0 

Supper; 





100 Rms. Potato 

2.0 

0 

10 

.000 

100 Rms. Brai.sed cclerj' 

1.3 

0 

-1 

.’200 

100 Rms. Carrots 

1,1 

0 

1? 

. 050 

100 Rms. Lettuce 

1.2 

0 

3 

. 120 

30 Rms. Mayonnaise 

0,0 

22.5 

0 

. 1‘2S 

100 Rms. Cherries 

1.1 

0 

15 

.021 

30 Rms. Bread 

o 

0 

10 

. 1,'iO 

30 Rms. Butter — salt free , 

0 

20 

0 

.onti 

40 Rms. .Icily 

0 

0 

20 

0 0 

SO Rms. Cream 


10 

»> 

,00.5 

20 Rms. SuRnr 

0 

0 

20 

0.0 

'rolnls: 

•13.1 

143 

311.5 



General nilcs for n low Ball tlict ; 1. All foods lo l>e prepared witlioul eoiulimcnts. 2. No salt 
used n( the tabic. S. Use salt, free butler. -I. Do not. use coiniuorrinlly canned foods unless labeled 
salt free. 5. Avoid the use of foods of liiRli salt content such as hum, pork, bacon, all nuts, sidt water 
fish, and cheese. 

* From Army Mamml T. M. S-500. 


present clay teachings which disregtird or 
minimize the need for the reduction of the 
protein intake.'*’"’®’®- Instetid, the entire 
stress is laid upon replacement therapy 
which is no’w more easily administered 
than previously.®’*’ 

The present study has shown that 
restriction of both dietary constituents is 


is an unnecessary refinement, for which 
can be substituted tlierapeutie trial of a 
diet. Diet A (Table 4) is attractive and 
convenient, while Diet B (Table 5), less 
appetizing but of greater potential benefit, 
satisfies the minimum human require- 

The distribution as well as the total 
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amount of ingested food is of practical 
importance. In the diabetic insipidus as 
in the normal it is in the first several 
hours after a meal that the major portion 
of the nitrogen^'’ and salt excretion 

of that meal occurs, in addition to a con- 
comitant increase in the glomerular filtra- 
tion rate.®® In the normal human such 
excretion does not carry over into the 


salt and protein and their redistribution to 
the breakfast and noon meals. 

In order to draw general conclusions as 
to the applicability of dietary control in 
this disease, information regarding tlie 
frequency distribution of cases by severitv’ 
would be desirable. The latter, based 
solely on urine volume on an unrestricted 
diet, can be estimated roughly from 2 


Table 5. — Low Salt, Li 


Broukfiist : 

200 trills. Orange juice .... . . . 

:W gnis. Dry cercnl 

40 gnis. .Icily .... 

30 gms. Toast. . 

20 gms. Butter — salt free 

200 gma. Milk 

.'iO gins. Cream 

30 gins. Sugar 

Ad Lib. Black coffee 

Dinnoi : 

.'ll) gins. Lumb chop 

UK) gins. ( arrots 

100 gins. Loltnco and tomnto 

33 gins. Mayoiu .'liso 

30 gins. Bicad . 

20 gins. Butler — salt fioc ... . . 

so gins, .lolly 

100 gins. Pineaiiplo ice 

."lO gins. Cream . 

30 gins. Sugar . 

.\d Lil). Black coffee 

Supper: 

lOO gins. .String beans 

100 gins. Squash 

7."> gins, {'oleslaw 

3.5 gins. Mayonnaise .... , . 

30 gins. Bread 

20 gins Butter — salt free .... . . 

U) gins. .lelly .... 

100 gins. CJraiiermit . 

.')0 gins, (’roam 

30 gins. Sugar 

Totals 

* From .Anny Manual T. M. S-fOO. 

slocping hours e.xccpt when on excessive 
intuke.s, under which circumstiinces lioth 
Milt® and nitrogen-’'®® excretion persist into 
the night, with accompanying nocturia. 

In the diabetic insipidus with a tendency 
to nocturnal pol^mria on a normal diet, 
it would be highly expedient to avoid both 
the ai'cunuilative and immediate elTects of 
diet by ;i total reduction of the intake of 


r PnoTEiv Diet (B)* 


Protein 

Contents in Gnuns 

Fat Carboliytirate 

Salt 

1 

(1 

20 

.01 

2 

0 

24 

,03 

0 

0 

20 

0.0 

2.5 

(1 

10 

.13 

0 

10 

0 

.004 

(1 

S 

10 

.36 

I.-'i 

10 

2 

.039 

0 

(1 

30 

0.0 

0 

0 

0 

0 0 

10 

15 

0 

.1.5 

1 

0 

9 

.05 

1 

0 

3 

.09 

1) 

25 

0 

.12 

2.. 5 

0 

10 

.13 

0 

10 

0 

.004 

0 

1 ) 

‘20 

0.0 

0 

0 

27 

0 0 

1.5 

10 

2 

039 

t) 

(1 

30 

0.0 

0 

0 

0 

0 0 

1 

(1 

3 

.04 

0 5 

II 

4 

01 

1 

0 

*» 

03 

0 

25 

0 

12 

2 5 

0 

10 

. 13 

(1 

10 

0 

004 

1) 

(1 

20 

0 I) 

0 5 

0 

10 

OOS 

1 5 

10 

2 

O'.fll 

0 

0 

30 

0 0 

30 

151 

340 

1 .537 



(Tdlal Calorics: 1 : 

!.sri3} 


large scries of cases vu the literature’®'®® 
(Table C). Of those patients, over 50% 
had !tn output of le.ss than S liters per day. 
vSItice dietary regulation proved of great 
benefit even to the S patients (Table 3) 
with a daily urine output exceeding 8 liters, 
it would indiaite a large sphere of useful- 
ness for this type of treatment when used 
alone in diabetes insipidus. 
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With respect to roplaceiiicnt therapy, 
nasal pituitrin may be inefTective or only 
partially circctivc*’'^’ <hte to local absorp- 
tion diflicuitics or to the severity of the 
disease. In either event, diet may he 
adecpiatc to replace it entirely or to rcrulcr 
it elTcctivc. Even imiflcquatc dietary con- 
trol such ns salt restriction alone has been 
tried and found nsefti! as an adjunct t«) 
the quick ncting parenteral j)re[)ara- 
tions.-' -® The newer slowly actinjc prepa- 


Summaiy. 1. The low concentrating 
activity and reserve power of the diabetic 
insipidus kidney of man was quantita- 
tively demonstrated. 

2. A straight line relationship was noted 
between urine volume and the totid cx- 
cretc<! ciuantities of salt and nitrogen 
e.xpressed in osrnillimols. 

.3. Tliis curve of renal e.\-cretion was 
fouml to be characteristic for each patient 
and was defined mathematically. 


0. — DihTHnujTrov or CA*<rs or os* rirr Basih or "iJirvEniTY" 

Urjiir Voliimr* 

Author lUInw .s Litrr*» .^-12 hitcr« Over 12 Liters 


Uowntroc®® . 

Number 
. . 19 

q 

31 5 

Nurnbrr 

C' 

0 

3S 2 

Number 

15 

% 

27.3 

Jones” . . . . 

. 31 

70 

r 

10 

C 

14 

Composite Total 

. .‘lO 

,'•>1 5 

20 

27 

21 

21 5 


* Severity in this ttihlo refers to tbo urine volume on an unrvdtriclcd diet. 


rations, now being used more widely, have 
been most useful in the more severe casc.s, 
but carry with them the possibility of 
c-omplications such as monorrhagia^' or 
water intoxication. Here, too, diet 
would be of value both in ameliorating the 
polyuria and decreasing the dosage or 
frequency of administration of therapy. 
Certainly, dietary control is worthy of a 
trial in every case, with or without pos- 
terior pituitary extract, according to the 
severity of the disease. 


4. A new quantitative definition of 
severity in this disease is proposed in 
terms of renal excretory dysfunction. 

a. The renal excretory curve of a dia- 
betic insij)idus patient provides a quan- 
titative method of measuring tlie effect to 
be expected from dietary restriction or 
other procedures. 

C. It has been demonstrated that max- 
imum restriction of both salt and protein 
of the diet is necessary in order to attain 
maximum therapeutic benefit. 


Tliu effect of dietary restriction upon urinary output of the !) patients with dialjctes insipidus. Ihe 
values for urine output were derived from the excretion curves, the constants of which (H, I, 
wore calculated by the method of least squares. Patients arranged in order, reading from left to right, 
of the lowest to the highest urine volumes attained at the lowest diet (F). Urine output, UA ■ '"'as 
e.xpressed as liters. Osm. indicates the osmiilimols of nitrogen plus NaCl excreted at the eventually 
to be expected equilibria of the patients at the respective diets. Normal (Folin) diet was derived from 
Folin’s ‘‘average’' diet.’® Normal (calculated) diet was based upon 1.5 grams per Kgm. of body weight 
of protein and 8 grams of salt daily.® Low salt — ^low protein diets refer respectively to Tables 4 (low. 
definitely adequate daily protein)’® and 5 (minimum, daily protein).®® Where the author did not furnish 
the patient's weight, it was assumed to be 72 Kilograms. 
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OBSERVATIONS ON THE TREATMENT OF CARCINOMA OF THE 
PROSTATE BY ORCHIDECTOMY 

By EHxrvr K. M.l). 

IS'tTHt (nOU tv (It MTOUUIVAItV ‘it’imi.ttl, IKHVMU) VKUirVL ^fHOOI,. Jl SlOlt WSOClATf 
IN OKVITOtmiVAHY sUItGKia. PKThU Ht ST lUlIOHW! HOSPITAL 
ASSISTANT IN KintOI UY, !lAItVAItI> MKDICAU hCHOOI, 

AND 

IIatiioijn ]’. Biiowx, M.D. 

JIOHTOV, MA''SACm!‘<J,TT-i 

(rroiii tlie UroloRical Ctinic of the Peter Petit BriKhatii Hospital) 


The treatment of advanced carcinoma 
of the prostate by androgen reduction 
through orchidectomy or the administra- 
tion of estrogens as suggested Ijy Huggins* 
has stimulated much discussion regarding 
the results to be achieved by this form of 
therapy. During tlie past 4 years the 
clinical ns well ns the endocrine and chem- 
ical aspects of such therapy have been 
energetically investigated. The following 
conclusion? arc generally agreed upon: 

1. .\ndrogen reduction offers the best 
prospect for the relief of symptoms due to 
secondary deposits of prostatic carcinoma. 

2. A significant number of patients arc 
dramatically improved wliile many others 
obtain partial relief. 3. Some patients 
show little or no improvement, the down- 
hill course of their disease being unaffected 
by any form of endocrine change. 

At present, three methods of endocrine 
control are in use; Surgical castration, 
estrogen therapy, and a combination of 
these. There is as yet no unanimity of 
opinion regarding the exact indications 
for the use of any one of these methods. 
This is explained largely because there has 
not been sufficient time in wffiicli to ob- 
serve and compare a sufficient number of 
patients treated by each method. Car- 
cinoma of the prostate often runs a long 
and unpredictable course and this adds 
greatly to the difficulty of properly evalu- 
ating any type of treatment. An added 
difficulty is the lack of knowledge regard- 
ing the endocrine and metabolic changes 
brought about b5^ these forms of therapy. 
Further evidence regarding the problem 
will depend, therefore, on endocrine studies 


and continued clinical evaluation of pa- 
tients treated i)y the.se methods. 

In this report, we discuss the clinical 
findings of patients with carcinoma of the 
prostate treated e.xclusively by orchidec- 
tomy during the past 4 years. Additional 
surgical procedures for the relief of urinary 
symptoms were also carried out whenever 
necessary. Thirty-five patients have been 
studied and followed for from G months 
to 4 years, over half of them for more 
than 2 yejirs. The patients varied in age 
from 53 to 87, the average being 70 years. 
Of the 35 cases, 20 bad a positive micro- 
scopic diagnosis of carcinoma of the pros- 
tate, while in the remaining 15 cases the 
diagnosis was made by physical findings, 
elevated acid phosphatase, and Roentgen 
ray evidence of bony metastases. Of the 
35 cases, 23 showed evidence of meta- 
stascs either by Roentgen ray or acid 
phosphatase or both, w’hile 12 had no 
evidence of metastases. Of the 23 with 
metastases, 9 died within one year after 
orchidectomy, two within 2 years and one 
28 months after orchidectomy; 11 are 
living and relatively asymptomatic (S to 
25 months after operation). Of the 12 
cases without evidence of metastases, c 
are living (6 to 30 months after opera- 
tion), 3 died rvithin the first year, one 
died in the second year, and 3 died after 
three years. 

Thirty-one urologic operative proced- 
ures other than orchidectomy were per- 
formed in 22 of these cases. Cystotomy 
by suprapubic punch for the purpose of 
placing the bladder on constant drainage 
was done in 11 patients who were admitted 
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to the hospital in acute retention. Of this 
group one patient died of pneumonia after 
orchideetomy before any further procedure 
to free the bladder outlet could be carried 
out. Three patients were able to void 
after orchideetomy and the suprapubic 
opening could be dispensed with. One 
patient had a partial perineal prostatec- 
tomy to free the outlet of the bladder. 
The remaining 6 patients subsequently 
had transurethral resections. 

Six patients had had a suprapubic pros- 
tatectomy prior to the development of 
carcinoma and 2 of these required further 
removal of tissue (transurethral resec- 
tion) to free the outlet of the bladder. 
In 7 patients the prostate was explored 
through the perineum; one total and 3 
partial prostatectomies were performed in 
4 patients prior to orchideetomy, and 3 
had a biopsy of the prostate through the 
perineum. Transurethral resection was 
carried out in a total of 10 cases. Three 
of these required a second transurethral 
resection at a later date. Suprapubic 
))rostatectomy was carried out in 2 of 
the patients. 

An analysis of the eases and the results 
of orchideetomy has been made from the 
following five aspects; 1. Relief of pain 
due to meta.stascs; 2. Improvement in 
well-being (appetite, weight, etc.); 3. 
Roentgen ray changes in the metastases; 
•1. Improvement in urinary .symptoms; 

Changes in acid phosphatase. 

1. Of the patients having metastases, 
approximately two-thirds e.xperienced 
moderate to severe pain preopera tively. 
.\fter removal of the testes dramatic and 
marked relief of pain was experienced by 
one half the patients ;ind the other one- 
hiilf showed slight to moderate improve- 
Juent. Xo patient of the group with 
metastases failed to show .some improve- 
ment, temporary though it may have been 
in some case.s. In practically all of the 
ease.s surgical castration was followed by 
amelioration of .symptoms within 48 hours. 
I his rapid re.sponse suggests that pain as 
.'•in h is more likely due to pressure on or 
actual involvement of nerves by carcinoma 


(usually in lymphatics or lymph nodes) 
rather than by intraosseous growth which 
will show no detectable change by Roent- 
gen ray in so short a time. By way of 
illustration, the only case showing struc- 
tural deformity of a vertebra due to car- 
ciribmatous invasion received only minimal 
relief from orchideetomy. One must 
assume that in this case pain was caused 
by vertebral collapse rather than by nerve 
involvement outside the spine. Little 
improvement, therefore, can be expected 
in cases in which the bony metastases 
destroy the normal contour of the verte- 
bral column. On the other hand, where 
pain is caused by peripheral nerve involve- 
ment, one may expect relief in a majority 
of the cases. 

Along witli other observers®, we have 
found that patients who were bedridden 
and required large doses of opiates were 
able, in several instances, to resume their 
former occupations and no longer required 
sedation. 

2. As might be expected, improvement 
in well-being and appetite paralleled relief 
of pain in almost all instances. There 
were also several cases, not suffering from 
pain and with no evident metastases, who 
showed an increase in weight, appetite, 
and general well-being. Improvement in 
well-being may be very rapid and dramatic 
as illustrated by the following case: 

Case Report. Cask 1. The patient, a (3.5- 
year-^ld Italian longshoreman, entered the 
hospital in a vorj- cachectic condition, having 
lost over 20 pounds in 6 months.JJ He hafl 
sufTered marked fatigability, anorexia, 
nausea, vomiting, and pain in Uie back and 
both legs. He had no urinarj- symptoms 
except .slight nocturia. 

Phpic.al examination revealed a verv i)ale. 
emaciated man who showed marked wasting 
of the extremities. There were no abdom- 
inal nna-cses or Ijanphadenopathy. Rectal 
examination showed the prostate markedly 
enl.arged with definite evidence of malig- 
nancy. Acid pho.sphatase determination 
was 12 units. Roentgen ray.^^ revealed osteo- 
plastic tnctastases in practicallv every bone 
in the bod.v, including the .‘=kull and ribs. 
A severe sccond.ary anemia was also pre.<ent. 
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Bilntcral orchicicctoniy wns performed and 
was followed bj' marked diminution in pain 
and cessation of nausea and vomiting witliin 
■IS hours. Acid phosphatase was G unit.s on 
the eighth postoperative day. lie wa.s di.s- 
charged mueh improved on the eleventh 
po.stopcrativc day. At the end of G mouths 
the patient had returned to limited nmrk, 
had gained 22 pounds and his red hlooti 
count had become normal. At the end of 
one year lie was feeling extremely well, was 
still gaining weight and his acid phos- 
phatase was reduced to 1 unit. Fifteen 
months after orchidcctomy he was read- 
mitted to the hospital because of recurrence 
of severe pain in the back and both legs for 
two weeks. He also had pain in the right 
elbow and sternum. The jiatient had lost 
10 pounds in weight and the acid phos- 
phatase w.as re-elevated to G units. He was 
treated with large doses of stilbcstcrol— uj) 
to 5 mg. daily — but did not respond in any 
way, nor was there any relief of pain. His 
general condition became steadily worse and 
ho died one month later. 

This case further illustrates the symp- 
tomatic relapse which may occur at 
variable periods after orchidcctomy. After 
relapse, these patients, as a rule, are little 
affected by therapy with estrogenic com- 
pounds and go rapidly downhill. 

3. In our series of 35 cases, IS had 
evidence of metastases as seen by Roent- 
gen ray. Examination of the chest, spine 
and pelvis was carried out in each patient 
and other areas were examined whenever 
indicated. Osteoplastic metastases were 
observed in the spine and pelvis 18 times, 
ribs 9 times, pleura twice and lung fields 
twice. Repeated Roentgen ray examina- 
tions were possible in 16 of these patients 
at various intervals after bilateral orchid- 
ectomy. 

An exact evaluation of the changes 
occurring in the Roentgen ray appearance 
of. metastatic lesions is extremely difficult 
and requires that great care be taken both 
in the preparation and the interpretation 
of the films. They must be made under 
uniform conditions on repeated examina- 
tions in order to allow accurate comparison 
of the size, number and density of meta- 
stases. Careful comparison of both pre- 


and post-opcnitive films must always be 
miidc, particularly when it appears that 
new bony metastases have occurred since 
orchidcctomy. Often review of the same 
ureas in the preoperativc film will disclose 
the presence of previously overlooked 
metastatic areas which have increased in 
density and thus finst been noticed on 
the po.stopcrative films. 

In the bones there were no constant 
changes which could be interpreted as 
signifying rcgrc.ssion. Most frequently 
the osteoplastic ineta.stases became more 
calcified and appeared more discrete. A 
number of times, however, tlie lesions 
Ijccame larger as well as more numerous 
and widespread. In a few cases there was 
no significitnt change, and two cases only 
siiowed dccrcaseil density of the osteo- 
plastic lesions witli a partial restoration 
of norma! hone architecture. 

In one of these there was a remarkable 
diminution in the size of the metastases, 
almost all of the neoplastic areas being 
replaced i>y normal hone. This change 
had not occurrefi by one month after 
orchidcctomy, but was noted on the 
second examination more than one year 
after operation. During this time the 
patient’s clinical course has been extremely 
satisfactory. He has e.xperienced com- 
plete relief from pain, has gained weight 
and has shown marked improvement m 
urinary function. 

A very favorable change in.tlie Roent- 
gen ray appearance of metastases occurred 
in one of 2 patients having metastases to 
the lung fields. Three months after bi- 
lateral orchidcctomy these secondary de- 
posits were greatly diminished in size and 
the lungs appeared remarkably improved. 
The other patient showed a similar but 
much less striking change. Of the 2 
patients with metastases to the pleura, 
one was unchanged after operation, and 
the other showed diminution in size of 
the metastatic nodules. 

Several of the patients who showed a 
progression of metastases by Roentgen 
ray did so in spite of marked clinical im- 
provement. One patient, previously free 
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of inetastases by Roentgen ray, developed 
them throughout the spine and ribs three 
months postoperatively. He died shortly 
thereafter. 

In general, it is our feeling that the 
Roentgen ray changes in bony metastases 
cannot be interpreted as indicating re- 
gression except in rare cases in which 
normal bone architecture is restored after 
orchidectomy. There is little in the usual 
Roentgen ray response to suggest the 
extent or duration of clinical improvement. 
However, in those cases in which there 
was partial restoration of normal bone 
architecture or clearing of metastases from 
the lung fields, there was also very satis- 
factory clinical improvement.'' 

4. There have been several reports in 
the literature stating that decrease in the 
size of the carcinomatous prostate and 
improvement of urinary function are to 
be e.xpected following androgen depres- 
sion therapy.'" It has been our experi- 
ence that this favorable effect on urination 
cannot be e.xpected in the majority of 
cases. Although a decrease in the size and 
softening of tlie original lesion was ob- 
served in about one-third of the patients 
treated, only 5 showed a resulting im- 
provement of urinary function and dimin- 
ished residual urine. Three of these had 
been placed on suprapubic drainage be- 
cause of severe retention prior to orehi- 
deetomy, and ih these the retention was 
relieved, j)ermitting withdrawal of the 
catheter and complete healing of the 
suprapubic sinus. Thvo others showed a 
marked reduction in residual urine .soon 
after orchideetoiny. In all of these ca.ses 
the prostate showed diminution in size 
and became softer. 

.\ ease in which local extension of- the 
lesion .showed diminution in size is of 
particular interest. 

Cask 2. The patient, a 70-year-old ex- 
pugilist, entered the iiospital heeause of 
fivipieney, Inirning on urination, chills, 
fever, nausea, vtuniting and pain in the left 
Hank for one week. He had been treated 
at heune with sulfatlii.arole, gm. daily, 
siiu'o tlie onset of liis illne.ss without showing 
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any improvement. Four years previously 
at this hospital he had had a suprapubic 
prostatectomy for benign prostatic hyper- 
trophy. At the present examination there 
were signs consistent with a blocked left 
kidney. The kidney was enlarged, tender, 
and showed no excretion on an intravenous 
urogram. Rectal examination revealed a 
markedly enlarged, stony-hard, nodular 
prostate with extension of malignancj' into 
the seminal vesicles, particularlj" on the left 
side. The patient appeared acutely ill, had 
a high fever, and his urine contained many 
w)ntc cells and gave a heavy growth of E. 
Coli on culture. Acid phosphatase deter- 
mination was 4.0 units. There was no 
evidence of metastases bj" Roentgen ra}'. 
Bilateral orchidectomy was performed and 
within 96 hours the clinical signs and symp- 
toms produced by the blocked kidney dis- 
appeared and the urine became clear. 
Subsequent to this the patient has gained 
20 pounds, is able to do light work around 
his farm and has remained well for 2 years. 
Shortly after orchidectomy several exami- 
nations showed that the prostate was 
definitely smaller in size, particularly in the 
region of the .seminal vesicle on the left. 

That the number of cases showing a 
decrease in size of the prostate and im- 
provement of urinary function is small is 
not .surprising when one considers that in 
many cases obstruction to urination is 
contributed to or wholly caused by benign 
prostatic hypertrophy, which so often 
occurs together with carcinoma of the 
prostate. One could, therefore, e.xpect 
improvement of urinary symptoms only 
in those patients in whom the obstruction 
at the bladder outlet was largely due to 
malignant growth. It is our feeling that 
if urinary .symptoms jire severe enough to 
suggest the need for operative interfer- 
ence, this should be performed at the same 
time as orchidectomy rather than to wait 
for po,s.sil)le improvement from the latter 
procedure alone. 

o. It has been repeatedly observed that 
the elevatcfl serum acid phosphatase of 
patients with metastatic carcinoma of the 
prostate decreases following androgen de- 
pre,ssion therapy. The decline is most 
rapid during the first week after orchid- 
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cclomy, and thereafter a more gradual 
decrease occurs for the next 2 to 3 months. 
Of the 35 cases studied, 12 simwed no 
clinical or Roentgen ray evidence of meta- 
stases and had a norma! acid phosphatase, 
that is, 4 units* or less. Of tlie remaining 
23 witli metastascs, 21 liad acid phos- 
phatase values above 4 units. Ail 21 
cases displayed a reduction in acid ]>hos- 
phatasc level after surgieal castration, 12 
of them ultimately returning to normal. 
In our experience this is of no progno.stic 
significance, since a numher of the i)alien1s 
whose acid phosphatase hccame normal 
and remained within norma! limits suc- 
cumbed within 3 to 10 months. On the 
other hand, in some cases a re-elevation 
of the acid phosphatase coincided with a 
clinical relapse and progression of inetji- 
static involvement. Tiic finding of a 
normal acid phosphatase in 2 of the cases 
with definite evidence of metastascs by 
Roentgen ray is in keeping with the general 
c.xperience of others. Howct’cr, the scrum 
acid phosphatase determination must be 
regarded as a valuable diagnostic aid, 
since a definitely elevated acid phos- 
phatase (above 10 units) is almost never 
present in the absence of metastascs.'* 

Discussion. Althougli the scries re- 
ported is small, it is our feeling that the 
cases are varied enough to represent an 
adequate cross-section of the disease, its 
manifestations, and the results one may 
expect from orchidectomy as a method of 
treatment. Undeniably orchidectomy will 
prolong the life and comfort of a significant 
number of patients with metastases. In 
patients with advanced metastatic disease 
suffering severe pain and incapacitation, 
orchidectomy may result in dramatic 
improvement. 

Unfortunately, there are few if any 
clinical or laboratory clues which enable 
one to foretell how anjr one patient will 
respond to surgical castration. However, 
the high percentage of immediately favor- 


able results following this form of treat- 
ment makes its employment worthwhile 
in almost ail cases. 

The length of time during which a 
patient may lie benefited by castration 
and remain free of pain varies consider- 
ably. The shortest period of improvement 
among our cases was 3 months, while the 
longest period of improvement to be fol- 
lowed by relapse lasted 24 months. As a 
rule the reappearance of pain was coinci- 
rlcntal with rapid deterioration of the 
patient’s general condition and was soon 
followed by death. In several such cases 
e\'cn l.arge doses of stilbe.sterol failed to 
modify the downhill course of the patient 
or afl’cet the pain.- 

The cpiestion of the optimal time for 
orchidectomy has remained unanswered. 
Many authors advise withholding orchid- 
ectomy until metastases or symptoms 
thereof appear. Nesl)it and Cummings,' 
for instance, express the opinion that, 
“. . . the maximum benefit to the patient 
may be derived by delaying endocrine 
treatment tmtil indicated by the onset of 
symptoms arising from advanced or meta- 
static lesions.” Others believe that the 
general life expectancy may be prolonged 
if orchidectom}' is performed early, re- 
gardless of the presence or absence of 
metastases. Higgins (as quoted by 
Meads®) and others hold to this view. 
The possible beneficial "effect of the 
operation on the local lesion as well as 
the po.ssibility of delaying the appear- 
ance of metastases favor this opinion. It 
has been our policy in most cases to per- 
form orchidectomy whenever the diag- 
nosis of carcinoma of the prostate is made, 
regardless of the presence or absence of 
metastases. 

Summary. Thirty-five cases of car- 
cinoma of the prostate treated by orehid- 
ectomj’- have been studied. 

Of the 23 cases with metastases, 12 died 
within 28 months and 11 are living, the 


* One unit is defined as the degree of phosphatase activity which at pH 4.9 and 37° C liberates from 
a specified citrate bufifer monophenyiphosphate substrate solution 1 mg. ot phenol in t hour, by the 
Gutman modification of the ICing Armstrong method for “alkaline" phosphatase. The number of 
units is determined to express the amount of phosphatase acthdty in 100 cc of blood serum (9). 
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longest for 25 months after operation. Of 
1 ] cases without nictastases, 5 are living, 
{he longest for 30 months after operation. 

Marked relief was e.vperiencod by one- 
half of the patients with pain within 48 
hours, and slight to moderate relief oc- 
curred in the others. Improvement in 
well-being and appetite paralleled relief 
of pain in almost all instances. 

Following orchidectomy the bony raeta- 
stases showed increased density and be- 


came more discrete in the majority of 
instances, and sometimes also increa.sed in 
size and number. 

A decrease in size and softening of the 
original lesion was observed in a number 
of cases after operation, but improvement 
in urinary function attributable to orchid- 
ectomy alone occurred in only a few 
cases, and it was necessary to perform 
other operations to free the bladder outlet 
in 22 patients. 
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THE FEMORAL BONE MARROW CELLS OF THE ALBINO RAT 

Bv ]MiU)Hr,i) VoGKi,, ISI.D.* 

(De))artiiiont of Mciiicino, N'cw York Medical GoIIckc, MctropoIiUm Hospital Research Unit, 

Now York City. N. Y.) 


Numeuous careful inorj)liological studies 
of the pcriplieral blood of the albino rat 
have been published. The data liave been 
well summarized recently by Griffith and 
Farris.^ The same authors have referred 
briefly to the bone marrow, M-hich they 
have regarded as similar to that of man 
save for its “preponderantly erythro- 
blastic, pronormoblastic and normoblas- 
tic'' character. Only two previously re- 
ported detailed studies of the bone marrow 
in the normal rat liave been found, 
(Stasney and Higgins,’’ Toppner'). Addi- 
tional information from a small group of 
control animals has been included in the 
reports of experiments on the effects of 
sulfanilamide (Higgins and iMachella-). 

Several difficulties are to be encountered 
in discussing the myelogram of man or of 
laboratory animals: (1) The variety of 
methods used by different investigators. 

(2) lack of uniformity in nomenclature and 

(3) failure to record the findings in a 
sharply defined manner. The present 
study is concerned with the development 
of a dependable method for obtaining data, 
the accurate description of cell types 
observed and a tabulation and classifica- 
tion of these. 

Method. Twelve normal albino rats, of 
the Rockland strain, ranging in age from 
6 to 8 months, were kept in the laboratory, 
from the time of birth, tit a uniform tem- 
perature. They were fed exclusively on 
Rockland Farm Vitamin-D-free rat pellets 
(the standard diet used in our laboratory) 
and had free access to fresh water. 

For obtaining each sample of bone mar- 
row the animal was lightly anesthetized 
with ether. A dorsal incision was made 
parallel to the femur, the muscles were 
separated to expose the entire length oj 
the bone, which was rapidly disarticulated 
and removed. During this procedure the 


amount of anesthesia was increased so 
that the animal expired at, or shortly 
after, the time the femur was completely 
removed. The bone was immediately 
bisected with a jeweller’s saw and all of 
the marrow was withdrawn by a syringe 
through a 20-gaugc needle and transferred 
to the center of each of a series of drops of 
saline, on separate slides, with which it 
was thoroughly mixed by rotating the tip 
of the needle. The smear was made in 
the usual manner bj' drawing the drop 
across the slide with a second slide. Simul- 
taneously smears of peripheral blood were 
obtained by snipping the tail. The slides 
were air-dried for 30 to GO minutes and 
treated, in the majority of instances, with 
Jenner-Gicinsa stain. Wright’s stain was 
used for at least one smear taken on each 
animal, and several of the total number of 
smears were stained with the Sato Perox- 
idase technique in order to identify cells 
of the myeloid series about which some 
doubt could be entertained. The difier- 
ential count, in each instance, was based 
on the study of WOO cells. 

Results. I. Cell 'Types. Several types 
of cells were differentiated and classified. 
A description of each follows: 

jT/ic “blast" cell is peroxidase-negative. 
It is round or slightly ovoid in shape and 
approximately 15-26 microns in diameter. 
It has a moderately dark, clear, blue cyto- 
plasm. The nucleus is round and takes a 
light violet-colored stain. The darker- 
staining chromatin appears to form an 
over-all, fine, lacy or net-like structure. 
One to 5 small, %veil-defined nucleoli are 
invariably present: They take a fighter 
and bluer stain than the nuclear ground- 
work. 

The -promyelocyte is similar in size, shape 
and staining reactions to the “blast” cell. 
The nuclear chromatin, however, is ar- 


* Emmanuel Maynz Fellow in Research, NewY^ork Medical College, Metropolitan Hospital Research 
Unit, New York City, N. Y. 
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ranged in heavier strands, forming a mesh- 
like pattern. Nucleoli, similar in number 
and staining reactions to those in the 
latter cell, are present although they fre- 
quently are less clearly defined. A few 
(lark purple or azurophilic granules arc 
noted in the cytoplasm. They are usually 
separated from the nucleus by a distance 
of 2 to 4 microns. 

The myeloqiie is round or ovoid in shape. 
It has a diameter of 14 to 20 microns. 
The violet-staining nucleus may be round 
or oval. The chromatin is arranged in 
fairly large, shallow heaps, giving the 
mielcus an unevenly furrowed or shaded 
a])pearancc. Nucleoli are absent. The 
cytoplasm contains a varying number of 
granules. These may be small and laven- 
der, or large and reddish-orange in color. 
Occasionally azurophilic granules, remi- 
niscent of previous development stages, 
are observed. The cytoplasm, as seen 
between the granules, assumes a grayish- 
blue or pinkish-lavender cast. The cells 
are recognized, on the basis of the size 
and color of the granules, as the progeni- 
tors of the neutrophilic and eosinophilic 
granulocytes. 

The “ring” cell is similar in size and 
shape to the myelocyte. The nucleus is 
roiuul or ovoid and stains a violet color. 
The chromatin is arranged in moderately 
heavy clumps and coarse strands. Located 
at or near the central part of the nucleus 
is a well-defined ring-shaped opening, 
giving the nucleus a 'Mough-nut” appear- 
ance. With both the Jenner-Giemsa and 
Wright stains this opening has cither a 
lilac or pinkish-yellow color. Lavender 
granules and, occasionally, small azuro- 
philic granules are present in the cyto- 
plasm, whicl\ assumes a moderately light 
blue or grayish-blue cast. 

The viclamtjcloqiic is round or ovoid in 
shape and has a diameter of approximately 
12 to 10 microns. 7'he cytoplasm takes a 
light grayish-blue, lilac or pinki.<h-ycllow 
stain, the blue cast tending to predom- 
matc. h amtains mlmerou^ <lislinct. 
small lavender gnmules or large, rctldisb- 
or.mge granules (neutrophilic and eosino- 


philic series, respectively). The nucleus, 
which is indented or kidney-shaped, is 
deep violet in color, with the cliromatin 
concentrated in small, dense heaps and 
coarse interlacing strands. It is noted 
that the nucleus of the eosinophilic meta- 
myelocyte takes a somewhat lighter stain 
titan that of the neutrophilic metamyelo- 
cyte. 

The staff cell (juvenile granulocyte, .stab 
cell, rhabdocyte) is spherical in shape and 
approximately 10 to 16 microns in diam- 
eter. The cytoplasm is pinkish-yellow 
although the presence of lavender granules 
in the cells of the neutrophilic series tends 
to give it a lavender cast while the presence 
of orange granules in the cells of the eosin- 
ophilic tends to give the cytoplasm an 
orange-yellow cast. The nucleus of the 
cells of the former series stains a deeper 
violet than that of the cells of the latter 
series. The nucleus of the staff cell may 
be rod-shaped, curved in the form of a 
horseshoe or ring-shaped. There is no 
evidence of lobulation. The chromatin is 
arranged in coarse, interlacing strands. 

The mahirc granulocyte is essentially like 
the staff cell in size, shape and cytoplasmic 
and nuclear staining reactions. The 
nucleus is lobulated. The lobulations, 
which are joined by fine, hair-like strands, 
range from 2 to 6 in number in the neutro- 
pliiles and from 2 to 3 in the eosinophiles. 

The mature ba.'iophilic granulocyte i.s 
similar in size and shape to the other 
mature granulocytes. It has a light blue 
cytoplasm and an irregularly shaped, pale 
violet nucleus, which occasionally has a 
somewhat lobulated appearance. The 
presence of large, deep-staining purple 
granules in the cytoplasm tends to obscure 
nuclear detail and outline. 

The crythroblast is round or ovoid in 
shape and varies from 8 to 20 micron.s in 
diameter. The cytoplasm, compared with 
that of the cells of the myeloid series, has 
a <lcfinitely opaque, rather than a trans- 
lucent, clear (luality. It may vary in the 
intensity of basophilic staining from a 
moderately dark to a very deep blue or 
greenish-blue, or it m.ny exhibit numerous 
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degrees of polycliroinutopliilia. Hemo- 
globin may l)e present as is indicated l)y 
tlic occasional occurrence of ortliochro- 
niieity. The nnclens usually occupies one- 
half to two-thirds the diameter of the cell. 
It is round in shape and stains an intense, 
dark, purplish blue. Numerous block-like 
masses of basichrornalin apjiear sharply 
demarcated from surrounding areas of 
palcr-staining oxychromatin. In the ma- 
jority of polychromatic crythroblasts the 
arrangement of the chromatin tends to 
give the nucleus a cartwheel appearance. 
Occasionally the nucleus is lobulated or 
slar-shapcfl, in which instances very little 
oxychromatin is discernible. The cell is 
frccpicntly seen in the process of mitosis. 

Thr normoblast is .sj)herical and has a 
diameter of approximately 7 to 10 microns. 
The cytoplasm is orthochromatic or poly- 
chromatic, rarely basophilic. The nucleus 
is round and has the appearance of a homo- 
geneous, blue-black mass. It varies con- 
siderably in size in relation to the total 
cell, frequently occupying so much of the 
cell volume that only a narrow rim of 
cytoplasm is visible. Normoblasts con- 
taining pyknotic nuclei are occasionally 
noted. 

The h/mj}hoci/te is round or ovpid in 
shape, approximately 7 to 14 microns in 
diameter, and has a clear, very light blue 
cytoplasm which maj’^ contain a few. fine, 
scattered red granules. The nucleus 
occupies an eccentric position and varies 
in size, occupying one-quarter to three- 
quarters of the total cell volume. It may 
be round or slightly indented in shape and 
stains a violet color. The cliromatin 
structure is relati^'ely coarse, basiclmoma- 
tin occurring in clumps which merge grad- 
ually into lighter-staining areas of oxy- 
chromatin. 

The monocyte is similar in size and shape 
to the larger Ijraphocj^te. The cytoplasm 
takes a grayish-blue stain and contains 
very fine, scattered, reddish-purple gran- 
ules, which give it a “dusty” appearance. 
The nucleus may take the shape of a thick- 
ened horseshoe or appear folded back upon 
itself. It stains a bluish-violet color. 


.somewhat lighter than that of the lympho- 
cyte. The arrangement of the chromatin 
resembles that of the latter cell. 

The megakaryocyte is a large, irregularly 
shaped cell, amoeboid in tj-pe. It varies 
from 2.0 to 40 microns in its widest diam- 
efer. The cytoplasm stains a pale lilac 
color which tends to fade toward the 
periphery: it contains minute azurophilic 
granules which maj' be densely aggregated 
in some areas. The nucleus is large and 
irregularly shaped or lobulated. Chro- 
matin. staining a dark, bluish-violet, is 
concentrated so as to outline lobular 
borders: the balance of the chromatin is 
arrangcfl in small clumps enmeshed in 
fine filaments. 

The macrophage, or reticnlo-cmlothelial 
cell is ovoid in shape and approximately 
1.5 to 30 microns in diameter. The cyto- 
plasm takes a moderately deep blue stain. 
The nucleus may be round or lobulated 
and stains a dark blue: it is not too well 
delineated for the entire cell tends to have 
a cloudy appearance. Frequently en- 
gulfed “rythrocytes or leucocytes may he 
observed within the cell membrane. 

The “kugelhaufcn” is irregular in shape 
and varies in diameter from 15 to 24 
microns. A minute amount of lavender- 
staining cytoplasm may be seen: this is 
obscured, to a great extent, by the pres- 
ence of relati^'ely large purplish-hlack 
particles, resembling bullets or pieces of 
coal. These particles tend to break 
tlmough the cell membrane'and scatter in 
the immediate vicinity of the cell. An 
eccentrically placed round or ovoid, pale 
lavender-staining nucleus is noted: this 
is traversed by numerous fine interlacing 
strands of ^dolet-colored cliromatin. 

The plasma cell is ovoid in shape and 
approximately the size of the larger b^mph- 
ocyte. The cj^oplasm appears dense and 
opaque and takes a deeply basophilic 
stain except in the perinuclear area, which 
is relatively pale. Occasionally small vac- 
uolated areas, resembling bubbles, are 
noted in the cytoplasm. The nucleus, 
which is round, is approximately one-third 
to one-half of the diameter of the cell: 
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it almost invariably occupies an eccentric as above described. In each instance, not 
position. Basichromatin, staining a very less than 1000 cells were differentiated in 
deep blue or bluish-purple color, is divided a single specimen. The results are tabu- 
into relatively large blocks, sharply de- lated in Table 1. 

inarcated from the sparser o.xychromatin, Similar data for the peripheral blood of 
and is arranged in a cartwheel, or radiat- the rats studies are included in lable 2. 
ing manner. Each element of the blood of the rat 


Tahu: 1. — DirnatnN-rrAi, Count ou tiu. Ci-u-s Found in tiu, Bonj: Mauuow or Tn ki.vk Nohmal 

.Vliuno Rat^ (1000 Cklus) 


Myeloid /El yUiroiii latio — 1.7S (iiver.a"e). 

Ni) of cells per 

1000 cells 

.Mode 

-Xuiabcr of rats 

Coll Tviio 

UanRC 

Mode 

In 

Below 

Abo\e 

Malure neutioiihiles 

1C8-2S1 

230-245 

0 

4 

2 

Neiitiopliilic staff colls 

76-220 

110-150 

0 

4 

2 

Neutrophilic nictainyolooytes 

24-4S 

30-42 

8 

1 

3 

“Ring” cells 

42-00 

49-65 

S 

2 

o 

Neutrophilic myelocytes 

16-40 

20-30 

5 

3 

4 

Biomyelocytcs 

3-lS 

6-12 

8 

2 

2 

Mature cosinophiles 

25-70 

40-47 

8 

2 

3 

Eosinoiihilic stall cells . 

12-60 

24-42 

7 

3 

2 

Bosi nophilic inetainyeloey 1 os 

6-19 

G-13 

7 

3 

2 

Eosinophilic myelocytes . 

1-5 

2-3 

6 

2 

4 

Matuic basopliiles .... 

. - 0-2 

1 

4 

6 

2 

“Blast” cells ... . . . . 

23-61 

29-43 

5 

2 

5 

Erythroblasts ... . . ... 

SO-160 

100-120 

8 

2 

2 

NoiTOoblosts ... 

188-300 

220-240 

S 

2 

2 

Lymphocytes . 

18-53 

2.5-45 

7 

2 

.3 

Alonocytcs. 

0-6 

2-4 

9 

2 

1 

Plasma cells . 

4-10 

4-G 

7 

0 

5 

Mcgakaiyocytes 

0-16 

1-3 

8 

3 

1 

Macrophages 

0-1 

1 

8 

2 

2 

"Kugclhaufcu” 

0-2 

1 

5 

4 

1 


Tablu 2. — DirnaiuNTiAi. Cou.vi’ (100 Culuh) or rtw Blood of Ensluve Nohmai. 

Auuno Rvts 



Xoiitropliiics 

Ljmplioc) tes 

Monocjtos 

Eosmoplnlc’! 

Range (per cent) 

16-38 

53-8 1 

0-3 

1-12 

Mode (per cent) 

22-3t) 

64-77 

1 

2-G 

Rats in (No.) . 

0 

7 

2 

C 

Rats below (No.) . 

3 

2 

9 

4 

Rats above (No.) . 

3 

.{ 

1 

•1 


T/ic (Icgatcruird crll (basket cell, smudge 
cell) is one which has eilher degenerated 
due to senility or which, because’ of its 
fragility, has been broken in making the 
smear. It is irregular in outline, takes a 
uniform reddish-violet or bluish stain and 
shows a lo'^s of nuclear and cytoplasmic 
structure. A small percentage of cells of 
this type are present in all smears. They 
cannot be identified Avith any certainty. 

II. Tnr. Pr.uci'.XT.AGE of the V.abiou.s 
Tm’es of Ci.i.Es ExcouxTKur.n ix tin; 
ri'.Moiui. Boxe Maubow .\xi> Peuiph- 
i UAL Hioon or uir. Ru. Respect ivelv. 
t ount.v of the femoral bone marrow were 
made fnitn dilutetl stnears fixeii and staimal 


showed a greater normal variation than 
the same element in the blood of, the 
healthy human being. It was therefore 
not surprising to find a broad range of 
values for the elements of the bone mar- 
row in normal rats. Because of this, 
attempts to express the re.sults in averages, 
or as means, with standard deviations, 
seemed to ha\-e little value. Tables were 
constructed to show the range, the mode, 
anil the number of rats falling in the mode 
and below and above it. 

Discussion. The study of hemopoiesis 
in pre- and post-natal life jia.s given rise 
to several theories regarding the origin of 
l>iood cells. The poIyphyFetic, or trial- 
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istic, tlieory briefly states that tlie reticulo- 
endothelial cell gives rise to an cxtra- 
v’ascular, or “free cell" whicli is present 
in all leucopoietic tissue: this in turn 
gi\’e.s rise to the myeloblast, lymphoblast 
and monoblast. The endothelial cell lining 
the vascular system of the bone marrow 
gives rise to megaloblasts which are the 
progenitors of the cells of the erythroid 
series. 

The megaloblast has been described as 
a large cell, witli an opaque, densely- 
staining cytoplasm and a coarse arrange- 
ment of the nuclear chromatin. Megalo- 
blasts may be observed in adult human 
bone marrow under pathological condi- 
tions. Their presence in the bone marrow 
of normal adult albino rats has not been 
reported, nor Avere cells of this type noted 
in the smears of bone marrow studied in 
the present investigation. In the human 
the myeloblast, lymphoblast and mono- 
blast have been described as pero.vidase- 
negative cells, with similar cytoplasmic 
and nuclear morphology and staining 
reactions, properties which render differ- 
entiation uncertain and difficult. These 
ceils have been grouped together here 
under the heading of “blast” cells. It is 
believed that myeloblasts are preponder- 
ant, because (1) of the relatively small 
total number of lymphocytes and mono- 
cytes present in the marrow and (2) micro- 
scopic examination of histological sections 
of the femur of the rat showed only a very 
occasional lymphoid follicle. 

The prom 3 ’’elocyte differs morphologi- 
cally but slightly from the “blast” cell. 
That it is a precursor of the granulocyte 
is evident because of the presence of a 
few scattered granules in the cytoplasm. 
In this stage of deA^elopment it is impos- 
sible to designate the cell as the precursor 
of a specific type of granulocyte. Toppner^ 
classifies the “ring” cell as a promyeloc 3 d;e: 
this point is discussed beloAv. 

The myelocyte and metamyelocyte as 
here classified do not differ from those 
flescribed by other authors. 

The “ring” cell is believed to occupy an 
intermediate position between the myelo- 


cyte and the metamyelocyte for the follow- 
ing reasons: (1) The opening, or “ring,” 
in the nucleus is thought to represent a 
primary step in the formation of the typi- 
cal indented nucleus of the metamyelocyte, 
(2) the staining reaction of the cytoplasm 
within the “ring” is frequently acidophilic, 
resembling that of the more mature cell, 
and (3) the presence of numerous granules 
favors an advanced position in the line of 
descent. It is noted, however, that no 
eosinophilic granules Avere obserA^ed in 
“ring” cells. 

The staff cell might be classified in tAA’O 
separate groups on the basis of nuclear 
morphology. It is belicA’ed that the more 
immature form has the horseshoe-shaped, 
or elongated nucleus described by so many 
authors and that those cells in AAdiich the 
nucleus is non-lobulated and ring-shaped 
represent the stage in development closest 
to the mature cell. 

The mature granulocyte described here- 
in does not A'ary from that described by 
other authors. The presence of the baso- 
philic granulocyte in this group is Avorthy 
of attention. No cells resembling pro-- 
genitors of this type Avere obserAmd. The 
basophile is infrequently noted in the bone 
raarroAV of the rat (Higgins and IMachella-), 
other laboratory animals and the human 
(Plum^) (Table 1). In appro.ximately 700 
differential counts (100 cells) of the periph- 
eral blood of rats, made in this laboratory 
in connection AAuth this and other experi- 
mental procedures, only one basophile was 
observed. 

The cells of the erytlrroid series have 
been divided into two groups for purposes 
of simplification. The term erj^throblast 
is used to include the cells designated by 
others under the Amrious headings of pro- 
erythroblasts, erythroblasts, macroblasts, 
pronormoblasts, etc. It is felt that to 
subdiA'ide these cells on the basis of differ- 
ences in size and cytoplasmic staining 
reaction, Avhich does not appear to haA'e a 
direct relation to size, is unnecessary’’ and 
confusing. Contrasted with the normo- 
blast the erythroblast is larger and its 
nucleus exhibits a definite pattern of the 
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chromatin. Tlie cytoplasm of cells of both 
types may take similar stains, although 
hemoglobin tends to be present in greater 
amounts in the more mature elements. 
A high percentage of erythroblasts e.xhibit 
a dark grayish-lavender or deeply baso- 
philic cytoplasm; these are believed to 
represent the more embryonic forms. It 
is of interest that the mature erytlirocyte, 
both in the bone marrow and the periph- 
eral blood of the rat exliibits a marked 
degree of polychromatophilia. 

The lymphocyte, monocyte and plasma 
cell are identified here in a manner similar 
to that used by other workers. The poly- 
morphonuclear leucocyte-lymphocyte ratio 
in the peripheral blood of rats is the reverse 
of that in human beings (Table 2). The 
percentage of lymphocytes present in the 
bone mTirrow of rats is, liowever, some- 
what loAver than that reported for man. 
The percentage of monocytes in the periph- 
eral blood of rats, as in the human being 
is relatively much greater than that in 
the bone marrow. Tlie percentage of 
plasma cells in the bone marrow of the 
rat and in that of the human being are 
similar. 

The mcgakiiryocytes of the rat and of 
the human do not differ. 

According to Toppner' the “kugel- 
haufen” has been described by Landa and 
Flaun and Ivleincberger. They have been 
classified as reticulo-cndothelial in origin. 
The “bullets”, or particles of intensely 
dark-staining material, are of unknown 
origin. These cells resemble those de- 
scribed by hlaximow and Bloom’ as ma- 
crophages (histiocytes, clasinatocytes, wan- 
dering cells) and the particles arc thought 
to be ingested blood pigments. Smaller 
but similar cells are the wandering cells of 
the tissues, such as the “dvist colls” in the 
hmg. encoxmtcred in the liuman, and the 
“ma.st" cells, seen in areas of inflammatory 
reaction in the rat. 

One of the greatest tiisadvantages en- 
countered in obtaining a sample of bone 
marrow was the necessity for sacrificing 
the animal. The jwssibility of carrying 
out suct'cssive studies was tliereby elim- 


inated. The femoral medulla has a diam- 
eter of 1.5 to 3 mm. The bony cortex, 
although less than 1 mm. in thickness, is 
extremely hard and attempts to enter the 
exposed shaft in the living animal, with 
the needles available, were unsuccessful. 

The method used eliminated contamina- 
tion of the marrow by peripheral blood. 
The bone marrow of the rat is extremely 
hyperplastic: It presents a pink to red- 
dish-gray appearance and is moderately 
thick in consistency. Attempts were 
made to count cells in undiluted marrow 
in accordance with tlie methods of 
Toppner’ and Stasney and Higgins.® 
These counts were not accurate because 
of tlie thickness of the smears and the 
resulting overlapping of a high percentage 
of the cells. The difficulty of making a 
correct differentiation of cell types under 
such conditions is obvious. It is further 
believed that the counting of consecutive 
cells, rather than tlie counting of cells in 
selected fields, yields a more accurate 
estimation of the percentage of cell types 
present. 

Counts of the various types of cells 
were also made on sections of femur, fixed 
in Zenker’s solution and stained ivitli 
Wohlbach’s modification of the Giemsa 
stain. The shrinkage of cells during fixa- 
tion rendered identification difficult. 

Tlie differential counts made on periph- 
eral blood of tlie 12 rats fell within the 
normal limits of many counts not only as 
made in this laboratory but also as re- 
ported by others (Griffith and Farris’; 
Scarborough®). 

Summary. A new technique for obtain- 
ing smears of femoral bone marrow of the 
rat is detailed. 

The types of cells observed in the 
femoral bone marrow are described and 
their interrelationships discussed. 

On tlie basis of morphologic studies of 
the femoral bone marro'w in 12 adult 
albino rats tables have been constructed 
to show the distribution by percentage of 
the various cellular elements; the range 
.and modal values for each have been 
determined. 
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POSTPARTUM BLOOD: ITS CLOTTING MECHANISM AND RELATIONSHIP TO 

THE PERIPHERAL BLOOD PICTURE 

By Allan C. Bauneh, AI.S., M.D. 

ABBOCIATE mOKKSBOn OF OnPTKTHICS AND GYNECOLOGY, THE OHIO STATE UNIVERSITY MEDICAL SCHOOL 


That menstrual hlood is a unique non- 
clotting fraction has been long known, and 
its “coagulation defect” has been repeat- 
edly studied.' ® " ® Tlie non-clotting nature 
of postpftrtum blood has also been ob- 
served,^ but we know of no studies as to 
the etiology of this phenomenon. Because 
of the potential value of such information 
in the management of the pregnant patient 
with hemorrhagic disease and in the prob- 
lem of postpartum hemorrhage, the clot- 
ting mechanism of postpartum blood, its 
nature and its relationship to the clotting 
mechanism of the circulating blood have 
been studied. 

Postpartum blood was collected by 2 
methods: (o) 1 hour after delivery a vagi- 
nal diaphragm was put in place which was 
removed from 2 to 12 hours later and the 
contained specimen studied, or (6) a sterile 
50 cc. test tube was held in the vagina 
aliovo the level of the cpisiotomy wound 
and the fundus gently massaged as the 
.specimen was collected directly. All per- 
ipheral blood samples used for comparative 
studies (defibrinated, heparinized, clotted, 
etc.) were human blood. Since it was 
immediately determined that postpartum 
vaginal blood has both the blood type and 
Rh classification of the circulating blood, 
in all procedures which invol\-ed mi.xing 
peripheral and postpartum blood (clot 
lysis, seeding, etc.) both samples were 
taken from the .same patient. The throm- 
bnjilastin employed was the standard ma- 
terial used for prothrombin detenuinations 
(Difeo). The crude human fibrinogen 
(Lilly) and the thrombin (Parke-Davis) 
wore issued for inve.stigationnl use. Clot- 
ting times Were determined at room tem- 
perature by the method of 1 av and IVhite.’- 
Procedures and Results. Xo. 1. Post- 
partum blood docs not clot .'spontaneously 
and will not riot when any of the following 


elements are added singly: calcium, tryp- 
sin, fibrinogen, thromboplastin, thrombin. 
The single absence of any of these sub- 
stances, or the presence of a specific inac- 
tivator against one of these is therefore 
ruled out. Tliis also eliminates an analogy 
m'th oxalated and citrated blood, w'hieli 
clot on the addition of calcium; as well as 
with heparinized blood and recalcified 
plasma, both of which clot on the addition 
of thrombin. For control purposes in the 
further studies, accordingly, these inco- 
agulable forms were not used. Control 
e.xperiments were run with defibrinated 
blood, prepared by the glass bead metliod 
and "serum plus cells.” This latter frac- 
tion was made by resuspending the pa- 
tient’s saline-washed cells in her own 
scrum in a concentration adjusted to ap- 
proximately 60% of the original red cell 
count. 

No. 2. 0.1 cc. of postpartum blood 
and of the control bloods were placed in 
test tubes and 2 cc. of freshly drawn ven- 
ous blood was added to each. The clotting 
times so obtained were repeatedly con- 
sistent, the results in a single typical ex- 
periment being sbowm in Table 1. It can 

Table 1.— Clotti.vg Times or Venous Blood 
( 2 cc.) WiTn Addition of Blood Fractions 
Under Examination (1 cc.) 


SubMance nddwi .Minutrs 

Nothing (Control) 6 

Ox.ilatcd plasma 65 

Defibrinated blood .3 

Oils plus serum 2J 

Postpartum blood 3 


be seen that there is no evidence of an 
anticoagulant in any of these bloods, but 
rather a clot-promoting activity. Such 
clot-promoting action on normal hlood is 
not jw.sses.scd by citrated hlood.® 

No. 3. While the failure to clot on the 
addition of thrombin .would point to a 
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deficiency in fibrinogen, the single addition 
of fibrinogen, ns indicated above, failed 
to produce clotting, ']^vo mi.xtures were 
prepared, therefore, 1 of thromboplastin 
and thrombin, the other of thromhoplnstin 
and fibrinogen. One cc. of each mixture 
(f. c., an excess) vas added separately to 
1 cc. samples of the bloods under study. 
The results of a typical e.xperiment arc 
shown in Table 2. In its reaction to 

Tablc 2. — Clot Foiimation on Addition of 
TH nOMDOrLABTIN AND ThDOMDIN (No. 1) 
AND or Thuomboplastin and Fidiiinogen 


(No. 2) IN Excess 


Blood studied 

Mixture 
No. 1 

Mucture 
No. 2 

Defibrinated . 

No clot 

Clot 

Serum plus cells 

No clot 

Clot 

Postpartum blood 

No clot 

Clot 


thromboplastin, fibrinogen and thrombin, 
therefore, postpartum blood behaves like 
defibrinated blood or a suspension of cells 
in serum. 

No. 4. When postpartum blood is 
“seeded” with small amounts of fresh 
unclotted venous blood, clotting occurs.’ 
By repeated determinations with serial 
amounts of venous blood added, it was 
found that the minimal amount which 
would produce this phenomenon was about 
2 drops per cc. of vaginal blood. It Avas 
also determined that the addition of this 
same amount of oxalated blood, serum or 
plasma was ineffectiA^e in producing clot- 
ting. Defibrinated blood and serum plus 
cells show the same “seeding” reaction 
and will clot when 2 drops per cc. of 
freshly drawn A-^enous blood are added. 
This phenomenon may well account for 
the postpartum clots occasionallj^ passed 
(i. e., the seeding from small cervical 
tears). 

No. 5. The proteolytic action of men- 
strual blood has been reported.® A pos- 
sible proteoljriic acthuty in postpartum 
blood was inA'estigated as follows: sam- 
ples of 1 cc. of postpartum blood were 
incubated at 37° for 48 hours against each 
of the folloAving: 2 cc. clotted blood 
(drained of its serum), crude human fibrin, 
Avashed from the beads folloAAing the de- 
fibrination of 30 cc. of blood, and 2 cc. of 


serum clotted by the addition of minute 
amounts of fibrinogen. In each case the 
substrate Avas Aveighed before and after 
incubation, and the digestion expressed as 
% of AA’eight lost. Since these figures are 
determined from AA-et Aveights, they are 
subject to error and must be interpreted 
liberally. The aA^erage of 5 determinations 
in each case AA-as taken, and are shoAATi in 

Table 3. It can be seen that postpartum 

• 

Table 3. — The Pehcentage of AV^ght Loss 
OF Clot Fbactions When Incubated 
4S Houns With Postpabtum Blood 
Weight loss 



Control 

Digested 

Substrate 

(%) 

(%) 

Fibrin 

8 

16 

Clotted serum 

10 

45 

Wltole clot 

. . 15 

50 


blood displays no tendency to lyse crude 
fibrin, and that its Ijdic action against 
clotted serum and whole blood clot, while 
definite, is not marked. A more pro- 
nounced lytic action has been reported 
for other body fluids and extracts.® 

Co.AiMENT. The data deA^loped from 
the aboA'e e.xperiments indicate that the 
blood discharged from the uterus in the 
postpartum period behaA'es in its clotting 
reactions like defibrinated blood. It has 
a weak proteolytic action, and a clot- 
promoting actiAuty. Since its behavior is 
essentially that of a suspension of cells m 
serum, 2 questions immediately arise: (a) 
Is the cell content constant, or does it 
fluctuate, and what is its relation to the 
cellular elements in the circulating blood? 
(b) Is its chemistry that of the patient’s 
serum? 

No. 6. Complete cell counts and differ- 
ential determinations on the peripheral 
and uterine bloods were made dailj’' on 
10 patients for a period of 5 days post- 
partum. The results are indicated m 
Figure 1. It can be seen that the red cell 
content and hemoglobin .never equal those 
of the circulating blood, and dimmish 
daily. Due to persistent clumping, which 
was OA'^ercome AAuth difficulty, the white 
cell count is less accurate, but it starts 
at a low leA^el.and rises rapidly, exceeding 
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the periplieral count in all cases within 
3G hours of delivery. Although the 
lymphocyte count of the vaginal blood 
tended consistently to be lower, the dif- 
ference was not great, and the differential 
count of the vaginal blood in general 
roughly reflected that of the peripheral 


blood. The platelet count was in all cases 
low (average 36,000 per c.mm.). 

No. 7. Routine chemical studies were 
carried out on specimens of vaginal blood 
collected the 1st day, controlled by similar 
determinations on the patient’s circulat- 
ing blood. Blood chloride and cholesterol 
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levels were normal, as was the sedimenta- 
tion rate. We did not discover in post- 
partum blood the elevated nitrogen levels 
reported for menstrual blood," and the 
NPN and BUN on 7 samples of blood con- 
sistently ranged on the low side of normal, 
with the exception of a single BUN deter- 
mination of 32 mg. It should be noted 
that all of the above results (whole blood 
determinations) were within normal range, 
but that in all (e.xcept the single BUN 
cited), the levels discovered in the vagin.al 
blood were lower than those in the venous 
blood. These results conform with the 
hypothesis that vaginal blood is serum 
containing cells and cellular debris but 
M’ith a lower count than the peripheral 
blood. 

Serum calcium levels closely .approxi- 
mated those of the circulating blood, and 
the sugar levels were normal on specimens 
collected by test tube and examined 
promptly. The total proteins of the 
\aiginal blood were reduced slightly (aver- 
age 5.7), the loss being in the albumin 
fraction (average 3), unth the A/G ratio 
approaching 1. This, however, agreed 
roughlj' with the control (venous) blood 
determinations which similarly showed a 
.lowered albumin level (average 3.15). 

, Comment. Postpartum "blood” ap- 
pears to be a serum-plus-cells suspension 
in which the cellular elements vary daily, 
but with a fairly constant pattern in their 
■v'ariation. It has no coagulation time, 
and since it will not clot on the addition 
of calcium and thromboplastin, no pro- 
thrombin time. Teleologicall 3 ’' speaking, 
it is not meant to clot. The process of 
clot formation within the 'uterine caxdty 
has. nothing to do with the blood com- 
. ing -from the postpartum uterus. A 
. ('(uestion immediately- arises which is of 
interest and importance both in the prob- 
lem of postpartum hemorrhage as v-ell as 
in the management of the puerperium in 
patients with blood dyscrasias: What is 
the relationship between the amount of 
postpartum blood lost and the clotting 
rtiechanism of the peripheral blood? 

No. 8. By- means of dicoumarol and 


heparin administered in the early puer- 
perium, the prothrombin time and the 
coagulation time Avere prolonged while the 
amount of vaginal blood lost Avas me.as- 
ured. The method of measuring A-aginal 
blood loss and the experimental details 
liaA-e been described in the portion of this 
AA-ork reported.* The results of 10 control 
patients contrasted with 20 patients re- 
cei\-ing dicoumarol are shoAA-n in Figure 2. 
It can be seen that the blood loss for the 
group Avith depressed prothrombin leA-els 
(Quick method) did not differ essentially 
from the blood loss of the control group. 

Figure 3 indicates the results obtained 
AA'hen the clotting time was prolonged AA-ith 
heparin in 6 patients during the 1st post- 
partum d.-iy-. Again it can be seen that 
there Avas no increase in the amount of 
uterine bleeding. Similarly-, a group of 
patients were giA-en vitamin K during 
labor to determine if there was any- dimi- 
nution in blood loss. One ampule of hy-ki- 
none administered during labor, hoAA-eA-er, 
failed to raise the already- elcA-ated pro- 
thrombin leA-el, and the blood loss suffered 
by- this group (6 patients) was exactly- that 
of the control group. 

Discussion. It can be concluded from 
the aboA-e that there is a complete diA’orce 
betAA-een the prothrombin and coagulation 
times of the circulating blood, and the 
amount of blood lost from the uterus in 
the puerperium. I'i'hile such conclusion.s 
haA-e considerable importance in the man- 
agement of the patient AA-ith hemorrhagic 
tendencies, it must be stressed that they 
apply- only- to blood coming from the 
uterus. A cervical laceration or an episi- 
otomy- in such a patient could be e.xpected 
to bleed as freely- as Avould a laceration 
or an incision elseAA-here on the body-. 
Furthermore, these experiments Avarranf 
conclusions only- Avith reference to uterine 
bleeding after the placenta has been 
deliA-ered. Blood coming from the uterus 
during pregnancy- or labor is a normally- 
clotting fraction similar in bebaA-ior to 
A-enous blood. 

Changes in the clotting and prothrombin 
mechanism alone do not reproduce the 



BARNES; POSTPARTUM BLOOD 


407 


Blood 

120- 

Lot 

110- 


100- 


90- 


80- 


70- 


60- 


50 


40- 


30- 


20- 


10- 


,0 


Days Pojt Par turn 

ftuera^e 

Prothrombin iXrgatecl 
Levels L 



Controls 

Treated 


-- 1 

Z 1 

5 

' 4 ’ 

' 5 

"6^ 

7 

B 

Q 

5 114%* 

i 110 

112.5 

1125 

100 

109 

106 

1 101 

. 96 

i m% ' 

1 52 

i 33 

1 36 

1 20 

- 

36 

u 54 

, 66 


I'lO. 2.— Blood lo*-? rnoasuroinonls reported in ternisof an arbitrary bcalc for a gioup of eontrol patients 
n tlie first 9 postpartum days contrasted with a group of patients wlio received dicoumarol to depress 
lie prothrombin levels. 


Blood 120- 
110 
100 
90 
60 
70 
60 
50 
40-j 
50 
20 
10 


Average 
Coagulation 
Time CMia) 



Oi 

Day! Postpartum I 1 

Controls! 6 


2 

6 


_5 


Treated j Held a! 18' 25 

|ic'l?h'perbd 

I n.. -.--lil^d loss during fir^i S jK,Mpnnum days of a group of control patients contrasted with a group 


nxviving sufficient hep.arin the 1st day to clo^a^o the cloning timrfora'o^ 



46S 


BARNES: POSTPARTUJI BLOOD 


picture in the thrombocytopenias. The 
platelet count cannot be so conveniently 
and temporarily altered on air e.xperimen- 
tal basis, but during the course of this 
study an opportunity presented itself to 
deliver a patient with monoeytic leukmia. 
Her platelet count at the time of delivery 
was 6S,000 and she had been displaying 
generalized hemorrhagic tendencies dur- 
ing the 6 days prior to the onset of labor. 
Immediately following delivery she was 
put on the same o.xyto.xie sehedule as the 
group of control patients cited in Figures 2 
and 3 (ergotrate, gr., intravenously, 
follomng the delivery of the placenta, and 
by mouth 3 times a day the 1st and 2nd 
postpartum days). Her lilood loss during 
the first 24 hours postpartum was about 
two-thirds that of the controls, and b^' 
the 2nd day had fallen to a le\'el which 
could not be measured with accuracy. 
Bright and Hayes’ have noted in a recent 
report of a patient with acute lymphatic 
leukemia in pregnancy that “postpartum 
hemorrhage, contrary to expectation, was 
easily controlled.” Such an “e.xpecta- 
tion ” is based on the assumption that the 
clotting defect in the circulating blood 
will be reflected in the amount of post- 
partum bleeding. It is interesting to note, 
however, that in the 76 cases of leukemia 
in pregnancy collected by McGoldrick and 
Lapp’® there is only 1 death from post- 
partum hemorrhage recorded (attributed 
to uterine atony). Another postpartum 
death occurred from bleeding, but the 
patient had been subjected to Cesarean 
section and the possibility of the bleeding 
being from the uterine and/or abdominal 
incisions is not ruled out. Finn^ in his 
survey of the literature and report of 
cases of thrombocj'topenic purpura in 
pregnancy states that “most authors agree 
that no hemorrhage occurs at the time 
of delivery.” From our ovm experience, 
therefore, as well as from the reports in 
the literature, the influence of a dimin- 
ished platelet count on postpartum bleed- 
ing is apparently not the same as is its 
reported effect on menstruation.® 

Abnormal bleeding states are usually 


associated with one or more of the follow- 
ing: (1) alterations in the clotting mech- 
anism; (2) qualitative or quantitative 
changes in the platelets; and (3) increased 
permeability in the capillary wall.” On 
the basis of experimental alterations in 
coagulation and prothrombin times re- 
ported here, and of observed and reported 
cases with lowered platelet counts, it is 
apparently possible to draw the conclu- 
sion that there is little, if any, relationship 
between the first and second groups of 
changes and the tendency to bleed e-xces- 
sively during the postpartum period. The 
ability of the blood to clot, the normal 
bodj' defense against blood loss, appar- 
ently plays little part in the problem of 
postpartum uterine hemorrhage. The re- 
lationship of capillarj' permeability re- 
mains to be investigated, but undoubtedly 
the most important single factor influenc- 
ing the amount of blood lost following 
delivery is the mechanical closing of the 
sinuses in the placental bed, which is 
dependent on the efficiency of the uterine 
contraction and unrelated to the coagula- 
tion tendencies in the circulating blood. 

Conclusions. 1. The “coagulation de- 
fect” of postpartum uterine blood has 
been studied: (o) This blood fraction does 
not clot in vitro spontaneously or on the 
addition of any one of the following sub- 
stances singly: calcium, thromboplastin, 
trypsin, fibrinogen or thrombin. Accord- 
ingl^’’, it does not resemble oxalated, 
citrated or heparinized bloods, or re- 
calcified plasma, (d) It displaj^s a clot- 
promoting action and a definite but weak 
proteolytic activity, (c) Postpartum blood 
wdU clot on the addition in excess of a 
mixture of thromboplastin and fibrinogen, 
or on “seeding” vath small amounts of 
freslily drawn venous blood. In these 
respects it behaves in a manner similar 
to defibrinated blood or a suspension of 
cells in serum. 

2. Hematologic and chemical character- 
istics of postpartum uterine blood have 
been investigated: (a) Its cell count varies 
daily during the puerperium. (h) This 
variation follow's a characteristic pattern. 
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with the hemoglobin and red cell count 
dropping steadily, while the white cell ele- 
ments rise rapidly, (c) The blood chemi- 
cal analyses give results which would be 
anticipated for a suspension of cells in 
serum. 

Tlie effect of variations in the clot- 
ting mechanism of the peripheral blood on 
tlie amount of postpartum blood lost has 
been measured: (a) Prolongation of the 
prothrombin and clotting times (by di- 
coumarol and heparin) did not increase 
the amount of postpartum blood lost, (b) 
The administration of vitamin K was 
without effect in raising the (already ele- 


vated) prothrombin level of the patient 
immediatel}’- postpartum, and was with- 
out effect in diminishing vaginal blood 
loss, (c) A patient with monocytic leu- 
kemia and a platelet count of 68,000 at 
delivery had a smaller postpartum blood 
loss than the control patients in this series. 
The literature reporting thrombocytopenic 
dyscrasias in pregnancy shows no correla- 
tion with hemorrhage, (d) Although it 
has been assumed to e.vist, no definite re- 
lationship can be established between the 
peripheral blood coagulability and the 
amount of postpartum bleeding. 


The writer is greatly obligated to Miss Eloisc White for technical assistance. 
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The bromsulplialein test, introduced by 
RosenthaP in 1922 and elaborated by 
Rosenthal and White* in 1924, has had 
wide clinical trial over a period of many 
years. It has a prominent position among 
tests of liver function because of its ease 
of performance and specificity as a test 
for hepatic excretory capacity. However, 
it is inadequate in diselosing minor grades 
of hepatic dysfunction in local lesions 
which do not encroach upon the liver’s 
reserve of original or regenerated tissue. 
But, once damage is sufficiently extensive 
to be demonstrated by the test, its value 
is enhanced by serial repetition to indicate 
quantitative fluctuations at appropriate 
intervals. The recent adaptation of the 
photoelectric method in the determination 
of bromsulphalein retention should further 
increase its usefulness by eliminating the 
difficulty in matching icteric sera. 

A method which involves the introduc- 
tion of a dyestuff into the circulating 
blood stream, its excretion almost exclu- 
sively by the hepatic cells, and the meas- 
lu-ement of the dye remaining in the blood 
stream after a given time, involves but 
2 factors: namely, the functional status 
of the liver with regard to dye excretion, 
and the functional integrity of the blood 
circulatory system. For many years, the 
intimate connection of circulatory insuffi- 
ciency and hepatic dysfunction has been 
studied. Frequently the bromsulphalein 
test has been used together with the Van 
den Bergh reaction and others to assess 
hepatic insufficiency in cardiac failure. 
In 1930, Jolliffe® using a 2 mg. per kilo 
body weight dosage of the dye, concluded 
that impairment of liver function induced 
by chronic passive congestion apparently 
was not permanent, whereas that still in 


evidence after recovery from the con- 
gestion probably indicated an independent 
liver involvement. In 1932, Robertson, 
Swalm and Konzelman,® studying the 
comparative merits of 5 liver function 
tests in cardiac decompensation, concluded 
that the bromsulphalein test gave results 
of less significance than did the icterus 
index. However, their figures on brom- 
sulphalein retention at 30 minutes, with 
the 5 mg. dose, would appear to substan- 
tiate a higher evaluation. In discussing 
hepatic function in portal cirrhosis and 
congestive heart failure, Cantarow* stated 
that hepatic functional impairment, as 
indicated by retention of bromsulphalein, 
is present in practically all cases of myo- 
cardial failure with hyperbilirubinemia. 
Boland and Willius,* concluded that in 
cases of congestive heart failure, minor 
grades of dye retention were disclosed 
frequently, whereas marked degrees of 
impairment of hepatic function were un- 
common. However, it remained for 
Bernstein, LeWinn and Simkins* to at- 
tempt more precise methods of evaluation 
of the purely circulatory and purely 
hepatocellular components in the produc- 
tion of demonstrable bromsulphalein re- 
tention in heart disease. In 59 eases they 
reported 'the bromsulphalein (5 mg. dose) 
test, venous pressure readings, magnesium 
sulphate and ether circulation time deter- 
minations, and clinical evaluation of the 
patients. They found that the dye e-xcre- 
tion was normal in the absence of heart 
failure, that mild degrees of heart failure 
appeared to present parallel impairment 
of the bromsulphalein and circulation time 
tests, that bromsulphalein retention was 
nearly always present in severe grades of 
heart failure. However, no mathematical 
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correlation was demonstrable. Chavez, 
Sepulveda and Ortega, utilizing several 
hepatic function studies in heart failure, 
concluded that blood bilirubin, bromsul- 
phalein and urinary urobilinogen deter- 
minations were perceptibly parallel and 
usually correlated with the degree of heart 
failure. They did not attempt the differ- 
entiation of circulatory and hepatic factors 
suggested by Bernstein, d al. 

With the foregoing observations of 
hepatic function in known cardiac dis- 
orders in mind, we investigated the status 
of the te.st in known cases of hepatobiliary 
disease in which cardiovascular disorders 
were coexistent to determine possible 
effects of impaired circulation, A group 
of 14 patients with hepatic disorders and 
clinically established cardiovascular ab- 
normalities were followed over a period 
of time. The procedures used were the 
bromsulphalein test, venous pressure read- 
ing, and circulation time determination, 
performed in that order. In the brora- 
sulphalcin test the dose was 5 mg. per 
kilo and a single specimen was taken at 
exactly 30 minutes. The standard of 
normality was 10% or less retention. On 
withdrawing blood for the 30-minute 
specimen, an I^tube manometer was 
attached for direct measurement of the 
venous prc.ssurc in centimeters of blood. 
When that measurement was concluded, 
2.5 cc. of 20% calcium gluconate was 
I'apidly injected through the same IS- 
gjiugc needle, and the arm-to-tongue cir- 
(‘ulation time determined. Thus, the 
entire procedure could be accomplished 
with but 2 venipunctures. Venous pres- 
siire readings between 4 and 12 cm. were 
considered within normal limits and the 
normal range of circulation time was taken 
to be 9 to 10 seconds. In some instances, 
to Tednee discomfort and anxiety to the 
]a\tient. the venous pressure determina- 
tion was omitted. 

The diagnosis of liver disease in (his 
gonip was establishe<l by standard eliniea! 
and laboratory observation, the latter in- 
ehiding determinations of icterus index, 
\ aiv deit Borgb reaction, urobilinogen 


studies (Wallace and Diamond technique), 
galactose tolerance test, cholecj'stography 
and, in some instances, biliary drainage. 
The group included cases of acute infec- 
tious hepatitis, chronic hepatitis following 
that disease, metastatic carcinoma of the 
liver, and hepatic cirrhosis. In each 
instance, particularly in the cirrhotic 
patients, care was taken to exclude cases 
in -which any direct relationship could be 
established between the cardiovascular 
and hepatic factors etiologically. Al- 
though none of these patients are known 
to have come to autopsy at this time, we 
believe that throughout the group these 
2 entities have been relatively separate 
insofar as clinical observation, hepatic 
function tests, electrocardiography, radio- 
logic cardiac measurement, venous pres- 
sure, and circulation time could tell. 
Results of the study are detailed in 
Chart 1. 

Discussion. While no major generaliza- 
tions can be drawn from this compara- 
tively small series of cases, there would 
appear to be some justification for certain 
limited conclusions. It is obvious that in 
each case, the excretion of bromsulphalein 
has been infringed upon by the dual factors 
of hepatic disease and circulatory ineffi- 
ciency. Just as in the cases described by 
Bernstein, d aL? it is equally clear that 
no mathematical formula by which a per- 
centage role could be assigned to the indi- 
vidual components is indicated by this 
study. Nevertheless, it is of interest to 
examine certain aspects of the results. 

In the acute infectious hepatitis group. 
Cases 2 and 4 underwent some break in 
compensation for which we can offer no 
adequate explanation. In each instance, 
presumably, tlie patient was on hod rest 
and. a.s far as could be .ascertained, there 
was no relapse of licpatitis demonstrable 
by fever, re-enlargement of the liver, pal- 
pation or rebound tenderness or alteration 
in icteric index. Unfortunately, neither 
methylene blue nor readily performed 
quantitative urinary- urobilinogen tech- 
niques were available at the time. How- 
ever, over and above the abnormal brom- 
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sulphalein readings made from 4 to S days 
prior to the break in compensation, there 
occurred a notably increased bromsulpha- 
lein retention associated with abnormality 
of the circulation time and venous pres- 


sure. Once compensation was restored 
and circulation time and venous pressure 
had returned to their normal or former 
levels bromsulphalein readings were found 
to have decreased even below their prior 
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Compensation restored, no hepatitic actmty 
Peak of mild hepatitis, old mitral stenosis, compensated 
No change in cardiovascular status 
Convalescence complete 
Convalescent, aortic stenosis, compensated 

Frequent ventricular extra-systoles and mild djspnoea at re**! icterus index 
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infectious hepatitis Icterus index 17 units 6 n eeks after inception of jaundice 60 
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2 mo Icterus index 14 units, continued fatiguabihty. hepatic rebound tenderDe«s 25 
2 mo 3rd day of exercise tolerance test %Mth icterus index 17, serum proteins 6 0 gm , 
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1 mo Complete bed rest since last observation, icterus index 14, rebound hepatic 
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5G Generahzed arteno^clerosi* earl> cirrhosis B P 155/95 

no ascites History of alcohohsm 

5 mo Intermittent jaundice with icterus index up to 24 units, «erum proteins 5 2 mg , 
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(“Hep Enl.“) refers to palpable hepatic enlargement below costal margin in mid-clavucular line. 
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figvircs. It would appear in these 2 in- 
stances that hepatic regeneration and 
repair had proceeded normally regardless 
of the intercurrent circulatory insuffi- 
ciency. In Case 6, on the other liand, in 
which significant decreases of dye excre- 
tion were precipitated by exercise toler- 
ance studies, it is possible that the incep- 
tion of exercise effected the change through 
the medium of either factor; that is to 
say, through either the induction of an 
hepatitic relapse or an untoward circula- 
tory strain, or, possibly, both. All findings 
in the case were at a relative standstill 
approximately 6 months after the onset 
of the acute phase of hepatitis, and it was 
felt that the patient was entering upon a 
chronic status at the time when exercise 
tolerance studies were begun; b^' the third 
day, there was perceptible increase of 
scleral icterus, the patient was mildly 
(lyspneic on complete rest, temperature 
was normal, appetite decreased sharply, 
and general malaise and moderate non- 
productive cough supervened. It was at 
that point that the bromsulphalein reten- 
tion sharply rose from 25% to 55%, the 
hepatic size and tenderne.ss increased, the 
circulation time shifted from 1.5 seconds 
to 20, and the venous pressure rose to a 
high normal level. It is quite possible 
that both circulatory and purely hepatic 
degenerative components played inde- 
pendent or interdependent roles in this 
episode. The return of all values to former 
levels after 1 month of bed rest might 
equally well have occurred as a result of 
improvement in either factor. 

The 2 instances of metastatic carcinoma 
of the liver here cited appear to reflect 
almost wholly the influence of circulatory 
decomi)ensation on the bromstilphalein 
test. In each instance of this compara- 
tively slowly progrc.ssive process, the sig- 
nificant alteration of dye retention coin- 
cident upon break in compensation was 
attended with j)arallcl circulatory dys- 
function as revealed by the circulation 
time and venous pressure data, and all 
retnrne<l to their former corresponding 
levels with apparent restoration of com- 


pensation. At the same time, there was 
no evidence, clinically or in alteration of 
blood proteins, icterus index or other find- 
ings to indicate acceleration of hepatic 
damage or intercurrent hepatitis. 

Cases 9 and 10 of the cirrhosis group 
were quite similar in displaying marked 
alteration of the bromsulphalein retention 
during phases of cardiovascular incom- 
petence in which tlie clinical status of the 
cirrhotic process remained relatively un- 
changed. They too, reverted to their 
former levels of bromsulphalein retention, 
circulation time and venous pressure upon 
subsidence of tlie decompensation. On 
the other hand. Cases 12 and 13, in which 
no loss of compensation was known to 
have occurred over periods of 10 and 11 
months, respectively, presented progress- 
ive failure of dye excretion which was 
.attended with abnormal circulation time 
and venous pressure readings only when 
the cirrhotic process itself was far ad- 
vanced and complicating factors such as 
ascites (Case 12) and hemorrhage from 
ruptured esophageal varices (Case 13) liad 
entered the picture. Cases 11 and 14 w’ere 
not followed over a sufficient period to 
have entered that phase, nor did either 
present any evidence of circulatory break- 
down during the period of observation. 

In general, tlierefore, it may be said 
that the series here de.scribed gives con- 
crete evidence of both factors concerned 
in the mechanism of bromsulphalein re- 
tention, — hepatic excretory dysfunction 
and circulatory inadequacy. As previ- 
ously mentioned, there does not appear to 
be any present method for delineating tlie 
proportion of influence to be assigned to 
each factor where both are operative in 
the same patient. However, the data sug- 
gest the advisability of performing studies 
of circulatory integrity in those c.ases of 
liver disease in which there is clinical 
evidence of concomitant cardiovascular 
involvement. While it is evident that 
those instances in whicli such circulatory 
studies are abnormal will fail to indicate 
the proportion of abnormal dye retention 
due to either factor, it is equ.ally tnie that 
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those in which circulation time and venous 
pressure are normal will present confirma- 
tion that the abnormal bromsulphalein 
retention can then be attributed solely to 
hepatic dysfunction. It is, therefore, sug- 
gested that in the performance of the 
bromsulphalein test in cases of hepatic 
disease occurring in the presence of co- 
existent cardiovascular abnormalities, the 
circulation time, %vith or without venous 


pressure readings, be determined, with a 
view either to ascertain possible circu- 
latory factors in the retention of the dye 
or to establish the essentially hepatic 
nature of the dysfunction; such a study 
may further provide a basis for the evalua- 
tion of subsequent changes in either aspect 
of the patient’s progress as determined by 
repetition of the tests at appropriate 
intervals. 
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MENOPAUSAL HYPERTENSION: A CRITICAL STUDY 
By 14. D. Taylor, 

A. C. Corcoran, M.D. 

AND 

Irvine H. Page, M.D/ 

(From the Lilly Laboratorj' for Clinical Research, Indianapolis City Hospital, Indianapolis, Indiana) 


The female menopause, whether nat- 
tinil or artificial, has long been regarded as 
a cause of arterial hypertension and the 
concept of ‘‘menopausal h 3 ^pertension” 
has gained wide acceptance. Yet the 
evidence on which this view is btised is 
largely derived from accumulated im- 
pre.ssions rather than s^'stematic stud^L 
With this in mind, we undertook the care 
of 200 menopausal women, 179 of whom 
had been surgically’- castrated and all 
of whom desired relief of menopausal 
syunptoms. 

Examination of the ptitients was con- 
ducted in such a wtiy that a careful record 
was kept of both physical and mental 
aimormalities. Hypertension was con- 
sidered present if any reading exceeded 
149 mm. Hg .sj’stolic and 94 mm. diuvS- 
tolic. Some of the patients were treated 
with estrogens, thyToid sulistance, or the 
two combined. Others received sedatives, 
placebos and rea.ssurance. 

If lack of ovarian secretion were truly 
a eau.se of increased iirtcrial pressure many 
of these jjalients would manifest arterial 
hypertension. Since most of them were 
young, the problem of analysis was not 
complicated by their having reached the 
jige wlien hypertension would in any event 
be present in at least a quarter of the 
group.’ 

Results. The results of this tirne- 
eonsuming investigation can be summed 
up very briefly (Table 1). One hundred 
seventy-nine of the 200 women were 
ea.strated and the remaining 21 had clear 
evidence of ovarian failure. Ti)c ages 
rangexl from 20 to 59 years. Thirteen 
per cent e.xhibited arterial hypertension, 
but 10''; liad .'jhown this before the meno- 


pause. The hypertension was not more 
severe after the menopause than before 
in any' of our patients, despite the emo- 
tional disturbance associated with the 
syndrome. 

Thus only' 6 patients of the 200 devel- 
oped hypertension following the meno- 
pause and 5 of these were 40 years of 
age or older. These patients had long 
histories of psychoneurotic manifestations 
preceding the menopause. Eighty-three 
per cent of these were equally’- common 
among the y'ounger castrates and among 
the older patients with natural meno- 
pause. Most of the sy'mptoms attributed 
to the menopause were in fact intensifi- 
cations of former neurotic trends. 

The vasomotor phenomena described 
as characteristic of the menopause were 
not al way’s easily’ evaluated. In some, 
flushing was observed on oceasion but 
usually only the history’ of hot flashes was 
obtainable, and this often dramatized by' 
the patient’s own beliefs about the climac- 
teric. Yet these very' phenomena liavc 
probably' been partially responsible for 
the view that the menopause plays a part 
in the genesis of hypertension. Va.so- 
motor instability as e.xprc.s.sed Ijy flii.shing, 
chilly’ sensations, tachycardi.a and per- 
spiration, wliile often associated with 
elevations in arterial pressure, is by no 
means a constant accompaniment. It is 
ea.sy to convince one.self of this by observ- 
ing the con.stancy of arterial pre,ssure 
during a bout of flushing or supposed 
“hot flash.” Further, these complaints 
were equally common among hypertensive 
and normotensive persons. Clearly so- 
called menopausal vasomotor instability, 
unless otherwise defined, need not neccs- 
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sarily be indicative of pathologic change 
in arterial blood pressure. 

Discussion. Hypertension was present 
in 13% of the whole menopausal group, 
which agrees with the 14.7% gi-\'en for 
normal woikers in the statistics of The 
Heart Council of Greater Cincinnati.- 
Twenty per cent of our patients over 
40 years of age had hypertension com- 
pared with 23.4 % of the workers examined 
in Cincinnati. Clearly there was no in- 
creased incidence of hypertension in our 
patients with either artificial oi' natural 
menopause. 


benefited by estrogen administration and 
in many cases not helped at all. Such 
treatment tended rather to distract the 
physician from concern over the more 
probable cause of the symptoms. This 
applied to both the surgically castrated 
patients and those with natural meno- 
pause. 

Summary. A study of 179 castrated 
women and 21 with the natural meno- 
pause demonstrated that arterial hyper- 
tension is no more common in them than 
in the general population. “Vasomotor 
instability” as exliibited by “hot flashes,” 


Table 1. — Incidence of Hipertension Among 

200 Women After 

THE 

Menopause 

Age Groups 

L>0-2<) 

30-30 

40-49 o0-59 

Total 

Number of Cases 

23 

73 

83 

21 

200 

Natural Menopause 

0 

3 

14 

4 

21 

Surgical Menopause 

23 

70 

69 

17 

179 

Similar Premenopausal Hypertension 

1 

3 

11 

5 

20 

Hypertension Following Menopause 

0 

1 

2 

3 

6 


Table 2 — Incidence op Artebial perteN'»ion 


Among 200 Women After Menopause 


Age Group 

No 

Examined 

No nith 
Hyper- 
tension 

Per cent 

20-29 . 

23 

1 

4 3 

30-39 . 

73 

4 

5 4 

40-49 . 

S3 

13 

IS 7 

50-59 

21 

8 

38 0 

Total 

200 

26 

13 0 

Above 40 years 

140 

21 

20 2 


Among 2S60 

Office Industrial and Factor> Workers 
No 

No Hyper- 

Age Groui) 

Examined 

tension 

Per cent 

20-29 

727 

62 

8 5 

30-39 

1033 

103 

10 0 

40-49 

728 

150 

20 6 

50-59 

372 

107 

28 7 

Total 

2860 

422 

14 7 

Above 40 years 

1100 

257 

23 11 


Administration of estrogens to meno- 
pausal patients with hypertension may aid 
in reducing the level of blood pressure, 
presumably bj' relieving some of the 
emotional tension, but its effects seem 
largely of secondary importance. The 
same degrees of blood pressure reduction 
are often observed by understanding man- 
agement of the patient, or by administra- 
tion of placebos or both. 

VTien the sjmdrome was preceded by 
the neurotic symptoms, the menopause 
seemed to accentuate them. Patients 
suffering from severe neurosis were feast 


perspiration, and tachycardia, are not 
necessarily associated with hypertension 
and their alleviation by estrogens need 
not affect arterial pressure. The meno- 
pause seemed to intensify pre-existing 
psychoneuroses. Despite severe neurotic 
behavior, hypertension did not develop 
within three or more years except in 6 of 
these subjects. From these data it is 
concluded that the relationship of the 
menopause and hypertension is incidental 
and loss of ovarian secretion is neither a 
primary nor a contributory cause of 
arterial hypertension. 
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AMYLASE LEVELS DURING MUMPS 
THE Findings in Blood and Saliva 
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That mumps can raise the serum amyl- 
ase has been known for a long but 

only in the past few years have the diag- 
nostic possibilities been explored. 

Murphy, Bozalis and Bieri,® in 1943, 
described 58 tests made on 35 patients 
with mumps. Elevated values tvere found 
in all bvit 7 tests, and 4 of these were from 
patients in whom preceding determina- 
tions had been abnormal. Fennel,® in 
1944, reported increased amylase in blood 
and urine of an un.spccified number of 
cases. Zelman,” in 1944, recorded the 
serum amjdase of S9 hospitalized soldiers. 
On admission the levels were high in 
three-fourths of the group and normal in 
the rest, but by discharge, 2 weeks or 
more later, only 9^7 were still elevated. 
Of the group. 13 exhilrited .symptoms refer- 
able to the pancreas. 

Applebaum,’ in 1944, reported increased 
.serum amylase in 4,5 of 50 patients. 
Curvc-s made from the data sugge.sted that 
the le\Tl rises early in the attack, stays 
up for a week or more during the active 
phase, and then subsides gradually as the 
swellings disappear. The author suggested 
that in bilateral parotitis the blood amyl- 
ase may attain a higher level and main- 
tain it longer than in unilateral di.sea.se. 
Hnerein/' in 1945, described elevation of 
blood amylase in 9 adults with mumps 
parotitis. 

Candel and Wheeloelc' similarly noted 
th.at of 221 adult male.s with muntps more 
than 0r>'” .showed ele^•atio^s of serum 


amylase during the course of the disease. 
About 84% of tests sbovred elevated values 
in tlie 1st week' of illness, and the propor- 
tion fell progressively to 27,5% by the 
4th week. They found that the compli- 
cations of orchitis and epididymitis did 
not affect the amylase levels. Parallel 
estimations of serum lipase failed to show 
hyperiipasemia as occurs in acute pan- 
creatitis. They concluded that the eleva- 
tions of serum amylase are associated 
with parotid involvement, for the reason 
that such elevations have also been 
demonstrated after ligation, calculous ob- 
struction, or suppuration of the parotid 
ducts or glands. 

In the studies here reported attention 
has been concentrated upon the relation- 
.ship betAveen serum amylase activity and 
(1) day of disease, (2) gland or glands 
involved, and (3) level of amylase in the 
.saliva. 

Subjects. The subjects of the study 
were 101 adult males, members of the 
Coast Guard and Maritime Services. All 
were hospitalized between February 21 
and May S, 1945, during an epidemic, 
having been referred for admission ns 
.soon as the e.vistonce of mumps was recog- 
nized. Prior to the onset of this illnc.ss 
;dl had been in apparent good health; 25 
wore 17 years of age; 37, 18 years; S, 
19 years; 5, 20 years. The ages of those 
above 20 extended rather evenly to the 
o4 year figure. The patterns of glandular 
involvements and extraglnndnlar compli- 
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cations were representative of what takes 
place in any typical outbreak of mumps. 
The symptoms, constitutional reactions 
and local inflammatory signs varied inde- 
pendently in severity from mild to severe. 

A group of 47 “normal” controls of 
the same age distribution was set up as 
a standard of comparison for the blood 
determinations. This group was made up 
of health3’^ pharmacist’s mates and of 
patients convalescent from non-abdom- 
inal infections such as scarlet fever or 
pneumonitis, or undergoing treatment for 
non-febrile genito-urinary ailments. One 
to 2 controls were tested with every batch 
of specimens from the mumps cases. 

Procedure. The blood specimens 
were collected in a dry tube in the morn- 
ing, before breakfast, to avoid chylous 
clouding and hemolysis. The salivary 
specimens were also collected before break- 
fast. The patient’s mouth would receive 
a preliminary rinsing with 0.6% sodium 
chloride solution, and then paraffin would 
be chewed. The saliva, which soon began 
to flow, was diluted at the bedside to 
1 : 100 dilution with a S0rensen buffer of 
pH 6.8, and kept chilled until tested. 

The tests of blood and saliva were car- 
ried out with the standard Somogyi® starch 
iodine procedure, modified to permit 
1 technician to perform many tests quickly 
within a limited period of time. The 
main modifications were the use of multi- 
ple pipettes within a constant tempera- 
ture water jacket, the reliance upon the 
achromic rather than the erji;hrodextrin 
endpoint in the iodine starch reaction, 
and the recording of the readings in min- 
utes directlj^ rather than in computed 
“ units.” These de^nations from the stand- 
ard procedure are feasible only when the 
amylase activitj' is abnormallj’’ increased 
or in the high normal range. Thej' do not 
lend themselves to exploration of enzy- 
matic activity in the zones of low normal 
and subnormal. 

In considering the results the reader" 
must remember that thej" were secured 
with biologic reagents, and that the "time 
in minutes” is related to the hydrolj-tic 


changes exerted by 2 ml. of body fluid 
upon 8 ml. of a standard starch solution. 
The shorter the time for the starch iodine 
reactions to fade away, the greater the 
potencj-^ of enzyme in the test mixture. 

Besults. Serum. Normals. Fifty-nine 
specimens from 47 healthj'^ controls gave 
results which ranged from 6 to 13 minutes 
and bejmnd. Since all but 4 (93%) of 
these values were 7 minutes or higher, (2, 
6 minutes; 2, 6| minutes), the dividing 
line between normal and accelerated amjd- 
ase activity has been set at 6| minutes, 
the approximate locus of the 90 % statistic 

Nine of the patients used as controls 
were being hospitalized for acute epidi- 
dymitis or orchitis. Two of these had 
been through an episode of mumps some 
years earlier and 2 others were aware of 
prior local trauma. With the remaining 
cases, classified as “mumps, non-specific,” 
no immediate cause was apparent. There 
were no accompanjdng signs or symptoms 
to indicate that the mumps virus was 
the etiologic agent, though that possibility 
must nevertheless be entertained. None 
had increased serum amylase. 

Serum. Mumps Patients. Amylase 
tests were performed on 702 separate speci- 
mens of blood collected from the 101 pa- 
tients at different and successive stages of 
their illness. The number of tests per 
individual patient ranged from 1 to 12. 
The serum amjdase was found augmented 
in the majority of specimens (Fig. !)■ 
This augmentation was most prominent 
•during the first 7 days of illness. The 
2nd week saw a return to normal, in most 
instances, though even bj’’ 18 daj's a few 
blood levels were still elevated. 

With most patients the blood am.vlase 
was already' elevated b^'- the time the^’ 
reported to the hospital. Six patients, 
however, exhibited normal values in the 
1st few days of the attack, with sudden 
increases becoming apparent a da.v or 2 
later, though not until the 11th day in 
1 instance. 

Of the patients who received 2 or more 
blood tests onlj' 6 failed to show any 
increase. One of these displayed bilateral 
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sublingual infection without recognizable 
involvement of any of the other salivary 
glands. Another, with multiple salivary 
gland swellings, was tested only on the 
6th and 13th day of illness. A third was 
tested only on the 4th and 5th days. 
These 3 patients might have been found 
with an elevated blood amylase at other 
times during tlieir attacks, had a greater 
number of tests more evenly spaced been 
performed. The remaining 3 negative 
reactors received 3, 5 and 6 tests, respec- 
tively, well distributed through their 
attacks. 
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and lay in tlie same range as the cor- 
responding values for the “mixed'’ multi- 
glandular patients. 

In 1 patient the mumps involved but 
1 submaxillary and the right testicle. In 
another the swelling was restricted to the 
sublinguals. Neither of these non-par- 
otitis patients, in 2 tests performed with 
each, displayed any elevation of serum 
amylase. 

Thirty had scrotal swelling from in- 
volvement of 1 or both testes or epidid- 
ymes. In 8 the onset took place while 
the salivary glands were actively swollen. 
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Euj. 1. -Dislribuibii of 702 fcorum sv^yiabc dclerminatsons made on 101 patienta in relation to duj- 
of tlibo.ase. The trend of augmentation of the gcrum amylabc level is most pronounced during the 
l.M week of illness, and then recedes steadily. (The shorter the time in minutCb, the more potent the 
enEymo content of the scrum.) 


Relationship to Salivary Gi.ands 
.AND Scrotal Swellings. The great 
majority of the subjects had involvement 
of the parotids, 1 or both, some time dur- 
ing the course of the attack. One or more 
of the other salivary glands were usually 
swollen also. “oSIixed” swellings were 
the rule. 

There were S patients witli p.arotid 
mumps in whom llie involvement was uni- 
lateral, and 11 in whom tlie involvement 
was lulatcra!. The average and range of 
variation in serum amylase between the 
unilateral and biialcral groups wore not 
signincantly ilifTerent from e.acli other. 


These S had elevated serum amylase, save 
for the 1 individual whose facial swelling 
was limited to the left subma.\'illary. In 
the other 22 cases, the scrotal swellings 
readied a peak after the glandular swell- 
ings had begun to subside. In 16 of 
these (739c) Rie serum amylase had re- 
turned to normal or was on the way down 
while tlie scrota} structures were still 
actively affected. 

Tliese latter observations suggest that 
the source of the elevated serum amylase 
in mumps is not the inflamed testicular 
or opididyma! tissue. This supposition 
receives confirmation from the findings in 
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the 7 “control” cases of orchitis of trau- 
matic or unknown origin, in whom the 
serum amylase level was well within nor- 
mal bounds. 

Salwa. The salivary content of amyl- 
ase was determined coineidently with the 
serum level in 97 tests of 55 patients, 
and in 33 tests of 33 controls (Fig. 2). 


is the infected salivary gland system. Of 
the 3 sets of salivary glands, the parotids 
are both the chief producers of salivary 
enzjmies and the glands most eommonly 
attaeked by tbe virus. That the sub- 
maxillaries and sublinguals are less respon- 
sible for the blood elevation is indieated 
by our observation that 1 instance of pure 


ty,UMPS CASES WITH 
BLOOD AMYLASE- 
INCREASED NORMAL 


NORMAL 

CONTROLS 



Fig. 2. — Graphic presentation of the correlations between the amylase level of serum and saliva as 
determined simultaneously in 97 tests with 55 patients. The values for the saliva of the control group 
themselves witliin a somewhat lower (and therefore more potent) range than do the values of the mumps 
patients, with or without increase of the blood serum amylase. 


Each group of values e.xhibited a broad 
scatter. There were no evident correla- 
tions between serum amylase and saliva 
amylase. The amylase content seemed a 
little higher in the saliva of controls than 
in the mumps patients. This suggests 
that in mumps the content of diastatic 
enzyme in fasting saliva may be depressed. 

Comment. These studies offer no con- 
firmation to the hypothesis of Dunlop'* 
that tlie augmentation of serum amylase 
in mumps is produced by parenchymal 
pancreatic involvement. None of our 
patients complained of gastro-intcstinal 
or upper abdominal s^pTuptoms, even 
though mumps pancreatilis often appears 
during epidemics.' *'’ 

It seems more reasonable, as most 
workers have pointed out, that the source 
of the increased blood amylase in mumps 


subma.xillary involvement and 1 instance 
of pure sublingual involvement failed to 
develop any increase in blood amylase. 
In Applebaum’s series,* similarly, when 
the disease of the salivary glands was 
exclusively extraparotid, as in 2 cases of 
submaxillary and 1 of sublingual inflam- 
mation, the amylase was normal. 

Summary and Conclusions. 1. An anal- 
ysis is presented of 702 serum amylase 
tests carried out on 101 adult malts ill 
with mumps. 

2. An elevation of the senim amylase 
level was nearly always present in the 
1st week of illness. This increase usually 
faded away by the end of the 2nd week, 
though in several patients it was still in- 
creasetl in the 3rd week. Estimation of 
serum amylase is therefore of value as a 
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confirmatory test for mumps, especially 
with jaw swellings of obscure nature. 

3. No relationship was noted between 
unilateral and bilateral gland involvement 
and the extent of the amylase increase. 

4. No correlation was detected between 
serum and salivary amylase in random 
specimens of saliva. The saliva amylase 


seemed slightly lower in the mumps cases 
than in the controls. 

5 . The evidence suggests that the in- 
crease in serum amylase comes from the 
inflamed parotids, rather than from the 
submaxillary or sublingual glands, the pan- 
creas, or the scrotal structures. 
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THE FAILURE OF MASSIVE SALICYLATE THERAPY TO SUPPRESS THE 
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Salicylates have been used in the 
treatment of rheumatic fever in 2 ways: 
as symptomatic treatment and in an at- 
tempt at specific therapy. 

For symptomatic treatment in this dis- 
ease the salicylates are very useful. Given 
in adequate doses during polyarthritis or 
high fever, they are verj' effective anti- 
pyretics and analgesics. The analgesic 
effect of salicylates in the arthritis of 
rheumatic fever is indeed so rapid that 
its effect is occasionally taken as a thera- 
peutic test in the differential diagnosis of 
the arthritides. 

The present study is concerned with 
the other use which has been advocated 
for salicylates in rheumatic fever, that of 
massive salicylate therapy with the object 
of a specific antirheumatic effect. The 
advocates of this mode of treatment have 
claimed the advantages of a shorter period 
of rheumatic infection and reduction in 
the severity of carditis. The suggestion 
of prolonged treatment of rheumatic fever 
by large doses of salicylates is not new, 
nor is the belief that such doses provide 
a specific treatment for the rheumatic 
process. .4s long ago as 1903, Lees sug- 
gested doses as high as 300 gr. of salicylate 
daily® to obtain a “true anti-rheumatic 
effect."'- In 1906 Clarke reported the 
treatment of rheumatic patients with 
240 gr. of sodium salicylate per day, and 
felt that this shortened the duration of 
the disease and protected the heart. 

Recently the proposal of massive sal- 
icylate therapy of rheumatic fever has 
been revived in a paper by Cohum,® with 
the rationale that such doses of salicylates 
apparently suppress the infiammatoiy re- 
action of the host and thus tend to pro- 


tect the heart from damage. As a result 
of this report massive salicylate therapy 
has been adopted for rheumatic fever in 
a number of clinics, either experimentally 
or as an accepted procedure.'’*'''®’’-®'*® 

It appears important to consider the 
adtdsability of massive salicjdate therapy 
for the following reasons: 1. The results 
presented by Cobum in his paper advo- 
cating such treatment, and in the reports 
of 2 subsequent attempts to confirm his 
results, are not unequivocal. Cobum's 
report of the clinical results of massive 
salicylate therapy deals chiefly with the 
shortening of the period of infection in 
patients so treated, as judged by the 
erythrocyte sedimentation rate. The ef- 
fects of this treatment on cardiac compli- 
cations are given in the statement that 
“in none of 38 patients treated by this 
method did vahmlar heart disease develop, 
while in 20 to 63 patients recemng only 
symptomatic therapy there developed 
physical signs of heart disease.” The 
cardiologic criteria used are not presented 
for valvular heart disease or for physical 
signs of heart disease. His patients were 
young adults of 18 years or more, and in 
this age group cardiac manifestations and 
residua of rheumatic disease are less com- 
mon and less severe than in children. 
Manchester" abo treated in this way a 
group of patients in naval service. He 
found a smaller number of significant 
cardiac residua among patients given mas- 
sive salicylate therapy than among con- 
trols, especially if the therapy was insti- 
tuted before “ signs of significant carditis 
had appeared. P^ulminating infections did 
not always respond favorably, and there 
were 2 deaths in the intensively treated 
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group, on tlie 4th and 7th days, respec- 
tively. 

Taran and Jacobs® gave massive doses 
of salicylates at the onset of rheumatic 
carditis to 8 children and treated 41 con- 
trol patients in other ways. They con- 
cluded that “while it cannot definitely 
be stated that massive salicylate therapy 
unequivocally suppresses the rheumatic 
process and prevents the stigmata of heart 
disease, it is clear that this form of treat- 
ment makes the patients symptom-free.” 
Wdgria and SmulF gave 21 patients mas- 
sive salic^date therapy, with 19 control 
patients. They concluded that the course 
of acute rheumatic fever is not shortened 
by massive salicylate therapy, with the 
reservation that earlier institution of 
treatment might have resulted in shorten- 
ing the rheumatic episode. 

2. Toxic reactions to high concentra- 
tions of salicylate in the blood are quite 
common. Tinnitus, nausea and vomiting 
are among the earlier toxic manifestations 
of salicylates. More severe manifesta- 
tions have been reported, both as a con- 
sequence of massive salicylate therapy 
and otlieinvise. They include hypopro- 
thrombinemia and hemorrhage,*'^’'^®'® oc- 
casional mental changes,®’® temporary 
deafness,® and some decrease in alkali 
reserve.®’*® Moreover, 5 patients given 
massive salicylate therapy intravenously 
for acute carditis died,*-®'® either as a 
result of toxicity of salicylates or of failure 
of the treatment of carditis. 

.3. There have been indications in the 
.recent literature that salicylates may lower 
the sedimentation rate without relation 
to activity of the rlieumatic process. 
Rapoport and Guest® showed that in 10 
of 15 patients with elevated erythrocyte 
sedimentation rates (ESR), 4 of whom 
had rheumatic fever, the ESR decreased 
following salicylate therapy. When this 
treatment was discontinued the ESR often 
began to rise toward its initial level. They 
also showed a decrease in the concentra- 
tion of fibrinogen in tlie blood of these 
patients, and suggested that this might 
be due to an effect of salicylate on the 
liver. The latter has been suggested 


elsewhere as the basis for the hypopro- 
thrombinemia caused by the salicylates.® 
Homburger® reported similar results in 
patients whose elevated ESR was, in fact, 
not caused by an infectious disease at all, 
but by carcinomatosis. 

These indications of a non-specific effect 
of blood salicylates on the ESR are im- 
portant for several reasons: (1) in all 
3 clinical studies mentioned above the 
ESR was used as the criterion of the pres- 
ence of an infectious process; (2) the fall 
of the ESR in massive salicylate therapy 
was offered by Coburn as evidence of 
specific suppression of the inflammatory 
process by the drug; finally, massive doses 
of salicylates may interfere with the reli- 
ability of the sedimentation test, which 
is usually the most sensitive indication of 
persistent rheumatic activity. 

For the above reasons, and because 
adequate clinical testing of the effect 
claimed for massive salicylate therapy 
would require a prolonged study, it 
seemed particularly advisable to e.xamine 
the rationale put forth as the basis of 
such treatment: that high concentrations 
of salicylates in the blood suppress the in- 
flammatory reaction in rheumatic disease. 

The hypothesis that salicylates suppress 
the inflammatory reaction in rheumatic 
fever has been tested in 1 study thus far. 
Murphy® obser\"ed 12 rheumatic patients 
under massive salicjdate therapy with 
special interest in phenomena indicating 
inflammatory activity. The size of in- 
flamed joints was determined frequently, 
and the skin temperatures over these 
joints were compared vith the rectal tem- 
peratures. The ESR was also determined. 
The results of these measurements did not 
indicate any subsidence of the inflamma- 
tory reaction under the influence of mas- 
sive salicylate therapy. In addition, 
Murphy observed in patients recei^ang 
this treatment such phenomena as fresh 
rheumatic nodules and, in 1 case, fresh 
polyarthritis and electrocardiographic evi- 
dence of further cardiac involvement. 

The studies reported here represent 
another approach to the question of 
whether salicylates suppress the inflam- 
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inatory reaction in rheumatic fever or 
merely affect the ESR. Preliminaiy ob- 
servations were made of the effect of 
salicylate on elevated ESR in non-rheu- 
matic patients; thereafter, children with 
signs of active rheumatic carditis and leu- 
kocjdosis as well as elevated ESR were 
studied during massive salicylate therapy. 

Methods and Materials. The patients 
studied were in the wards of The Children’s 
Seashore House for Invalid Children at 
Atlantic City and the Philadelphia General 
Hospital. Salicylates were given as enteric- 
coated sodium salicylate tablets or as acetyl- 
salicj'lic acid. When salicylates were par- 
ticularly poorly tolerated, sodium bicarbo- 
nate was added in equal dosage. The daOj’- 
dose was divided into 6 equal portions, given 
every 4 hours, day and night. It was occa- 
sionally necessary' to exceed a total of 1 gr. 
per pound per day, in order to attain blood 
salicjdate concentrations^ of 350 gamma 
per cc. 

The ESR was obtained, as described else- 
where,® by determining the rate during the 
period of free fall of erythrocytes and cor- 
recting to a 45% packed red cell volume. 
Leukocyte counts were done at approxi- 
mately the same time of day, in duplicate. 

Results. Prclvninanj Observations: A 
group of non-rheumatic patients with ele- 
vated ESR was chosen for these deter- 
minations. The object of these observa- 
tions was to confirm the reports mentioned 
above'' *® that doses of salicylate such as 
those suggested for massive salicylate 
therapy in rheumatic fever can lower an 
elevated ESR non-specifically. Six pa- 
tients with pulmonary tuberculosis were 
studied, through the courtesy of Dr. 
Harold Israel of the Philadelphia General 
Hospital, and 4 patients with rheumatoid 
arthritis. The period of administration 
of salicylate differed among these patients, 
according to the severity of their toxic 
symptoms. Figure 1 shows the obsen'ed 
changes in the ESR. The data are given 
in cnidc rate.s of fall, mm. per hour, since 
the correction for packed red cell volume 
was not in .all cases available in this 
experiment. 

Examination of Figure 1 shows that in 
all but 1 of the non-rheumatic patients 


during salicylate treatment the ESR fell. 
In S of the remaining 9 patients, the rate 
of decrease was of the order found in 
rheumatic subjects under such treatment. 

These observations, and similar ones 
quoted above, demonstrated that the fall 
in ESR under massive salicylate therapy 
was not necessarily a manifestation of 
specific action of salicylates in rheumatic 
fever. Thej' did not, however, offer evi- 
dence against antirheumatic action of 
salicylates in high doses, since there re- 
mained a theoretical possibility that sal- 
icylates thus administered might produce 
both results: a specific antirheumatic 
effect and a non-specific effect on the 
sedimentation of erythrocytes in other 
patients. An experiment was therefore 
planned which might offer some exndence 
as to whether the lowering of the ESR 
in rheumatic patients was an indication 
of suppression of rheumatic activity in 
those patients. 

Since leukocytosis provides another 
general indication of the persistence of 
inflammation, it was decided to institute 
massive salicylate therapy in rheumatic 
patients who were so active as to show 
not only an elevated ESR but also per- 
sistent leukocytosis, and to study the 
results of this treatment. The number 
of patients suitable for this study was 
sharply limited by the following considera- 
tions: (1) the rheumatic process must 
be sufficiently active for leukocytosis to 
continue for a few weeks; (2) the white 
blood cell count of the patient must not 
be affected by salicylates per sr, to the 
point of reaching normal limits; (3) th'c 
patient must not be severely affected by 
the toxic manifestations of large doses of 
salicylates. Patients who satisfied all 
these criteria were given courses of mns- 
sive salicylate therapy. The specific ob- 
ject w.TS to see whether any patients 
would show cmdence of persistent rheu- 
matic activity despite such treatment .and 
despite the consequent lowering of the 
ESR. Five such patients were found. 
Figure 2 shows some of the features of the 
clinical course of these p.atients. 

From the clinical charts in Figure 2 it 
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is seen that the ESR in these cases reached 
normal limits, under the influence of mas- 
sive salicylate therapy, vhile the white 
blood cell count still afforded e\-idence of 
continuing actimty of the rheumatic proc- 
ess. The differential white blood cell 
count showed a shift to the left, or an 
abnormal number of non-filamented poly- 
morphonuclear leukocytes, as additional 
e^^dence of a persisting infiaramatorj' proc- 
ess. The resting pulse rate was elevated 
in 4 of the 5 cases, and in 2 of them the 
pulse rate showed a gradual rise over a 
period including that of the massive 
salicylate therapy. As to the clinical 
observations not charted, the following 
are relevant: (1) in no case was there a 
decrease in transverse diameter of the 
heart, or in intensity or transmission of 
murmurs during the period of salicylate 
therapy; (2) the vital capacity did not 
rise in any case during the period charted 
— in 1, Case 512, it fell from 0.8 to 0.5 liter; 
finally, no fever or polyarthritis was noted 
during the treatment, or any symptoms 
except those of salicylate toxicity. 

In 4 of the 5 cases a definite rise in tlie 
ESR is seen to have occurred soon after 
the cessation of salicylate therapy. 

Discussion. The Comparafirr Scnsidrily 
of (hr ESR and WDC Conni. Among the 
rheumatic patients studied during the past 
5 years at these 2 institutions, 382 were 
observed during some pliase of activity of 
the rheumatic process as intiicated by 
laboratory tests. Of these, 328 patients 
were under observation until the quies- 
cence of the infectious process. The 
laboratory data oi)taincd in this group 
of patients indicate that the ESR, as 
used, w.as far more sensitive than the 
WBC count. Only in G cases, or less 
than 2%, did the WBC count remain 
above 8-500 after the ESR had descended 
to the plateau level norma! for that child. 
These findings on the comparative sen- 
sitivity of the ESR and WBC count in 
rheumatic fever agree with those of 
Emstene.’ If we accept the finding of a 
shift to the left in tlie peripheral Iilood as 
having the same implication as leukocyto- 
sis these findings agree nbo with Rogatz” 


and with Struthers and Bacal.-* There 
is an apparent disagreement between these 
comparative data and those of hlassell 
and Jones,*^ and Wilson.-" These authors 
found the ESR and WBC count of ap- 
proximately equal sensitivity as indica- 
tions of an inflammatory reaction, but 
this apparent disagreement is probably due 
to the standards used, hlassell and Jones, 
and Wilson, considered as normal any cor- 
rected ESR of 0.38 mm. per minute’ 
(23 mm. per hour) or less, since that 
value is approximately the upper limit 
of normal for the population. There is, 
however, a wide range of indi^'idual varia- 
tion in the ESR, and the normal values 
of some subjects may be as low as one- 
fifth the upper limit of normal for the 
entire population. In the case of a con- 
valescing rheumatic patient seen for the 
first time in the acute stage of the disease, 
it is not possible to decide whether the 
patient’s normal value has been reached 
when his ESR has fallen to the upper 
limit of normal for the population. Ac- 
cordingly, in the author’s laboratory, the 
ESR is considered normal for any given 
convalescent rheumatic when the falling 
curve of ESR rrrsus time reaches a plateau. 
Used in this way, the ESR has been found 
to he far more sensitive than the BC 
count as an indicator of persistent inflam- 
mation. This difference has been dis- 
cussed because it considerably enhances 
the significance of the results reported 
here. 

The Sipnijirfiner of (hr Data Prc-^entcil. 
It should he noted that the clinical course 
of the 5 patients reported here is not 
typical of all those for whom massive 
salicylate therapy w.as instituted. Even 
among the patient.s selected for this study 
on the bases tnentioned above it was found 
that in some the active rheumatic procc-'s 
began to suijsidc shortly after the institu- 
tion of m.a.ssive salicylate therapy. In 
others, the flcpre.s.sing elTcct of salicylates 
on the peripheral WBC count, which has 
been de.'-crihcd by other in\’cstigntors,“ 
sufficed to lower the count to the normal 
range, although there were other indica- 
tions of continuing rheumatic actin'ty. 
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The ciises chosen for presentation were 
those in whom the clinical course and 
laboratory data permitted a demonstra- 
tion of rheumatic activity during massive 
salicylate therapy. 

This study constitutes no attempt to 
evaluate the effect of massive salicylate 
therapy in rheumatic carditis. Such an 
evaluation would involve prolonged study 
of patients in vax'ious categories of cardiac 
involvement. The purpose of this study 
inis been to examine the hypothesis that 
miissive salicylate therapy suppresses the 
inflammatory reaction in rheumatic fever, 
which is the rationale for this mode of 
treatment. The data reported here are 
inconsistent with this hypothesis, since 
they demonstrate that botli general and 
specific evidences of rheumatic actiioty 
can be observed during massii'^e salicylate 
therapy. The fact tliat such demonstra- 
tion of continued rheumatic activity can 
be made at a time when the ESR is within 
normal limits as a result of such treat- 
ment, and the further demonstration that 
salicylates can lower the ESR in other 
states in the same degree as in rheumatic 
fei'er raises a que.stion as to the signifi- 
cance of Coburn’s observations on the 
liasis of which tlie concept of ma.ssive 
salicylate therapy has been revived. 


Summary and Conclusion. 1 . Recently 
reported obserimtions that large doses of 
sulic^dates may lower the erythrocyte 
sedimentation rate of non-rheumatic as 
well as of rheumatic patients have been 
confirmed. 

2. The hypothesis that massive sal- 
icylate therapy suppresses the inflamma- 
tory reaction of the rheumatic patient 
has been tested by treating in tliis way 
patients in whom the rheumatic process 
is so active as to produce a prolonged 
leukocytosis. It has been found that, 
although the ESR is lowered to normal 
limits by such treatment, the leukocytosis 
ma 3 ' remain, although the latter is a much 
less sensitive indicator of inflammation. 
This finding is supported bj' a continued 
shift to the left in the differential blood 
count, and bj- specific signs of continued 
rheumatic activity, which were observed 
in the cases presented while the ERR was 
within normal limits as a result of sal- 
icylate treatment. 

It is ver.v doubtful, therefore, that 
ma.ssive salicylate therapy suppresses the 
inflammatoiy reaction of the rheumatic 
patient or that the loweilng of the ESR 
in rheumatic patients so treated has the 
significance attributed to it bv Coburn, 
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CHANGES IN PEESONALITY APPRAISAL ASSOCIATED WITH A 
EESTEICTED INTAKE OF B VITAMINS AND PROTEIN 
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AND 

John B. Youalans 

(From Cndl Public Health and Nutrition Division, Preventive Medicine Service, Office of The Surgeon- 
General, U. S. Army, Washington, District of Columbia) 


Personality’ changes have been re- 
ported to be part of the syndrome of 
clinical B complex deficiencies.® The 
symptoms of the "initial nervous syn- 
drome,”^ described as being associated 
with pellagra and other deficiencies, are 
its follows; "hyperesthesia to all forms 
of sensation; increased psychomotor drive; 
increased emotional drive with a definite 
trend toward depression and apprehen- 
sion, weariness and increased fatigability; 
headaches; sleeplessness. In general, these 
patients appear to have anxiety states 
with depressive features.” 

The development of the Minnesota mul- 
iiphasic Pvrsonaliti/ Inventory (iMiVIPl) by 
Hathaway and McKinley* permits more 
objective measurement of such symptoms. 
The possibility arises that it may aid in 
earlier clinical detection of psychopathol- 
ogy associated with certain nutritional 
deficiency diseases- The Inventory is 
based on the classification by the subjects 
of 5.50 “key” statements as "true,” 
“false,” or ’‘cannot say.” Scores are ob- 
tained by comparing the answers with 
those obtained from patients having 
known neurotic and psychotic aberrations 
(depression, hysteria, hypochondriasis, 
p^ychasthenia, schizophrenia, hypomania, 
psychopathic deviate, male-female inter- 
est and paranoia). Increase in scores be- 
yond the range (icsignated as normal (30- 
70) indicates a deviation in the direction 
of abnormal personality. 

The purpose of the present communica- 
tion i'J to dcscrilic the changes in i>er«onaI- 


ity appraisal scores (MlMPl) which oc- 
curred while 7 young men subsisted on a 
diet containing restricted quantities of 
the B complex vitamins (including the 
"lesser-known” factors, i. e., pyridoxine, 
pantothenic acid, "foiic acid" and biotin), 
and animal protein. Deviations toward 
the abnormal in certain categories, i. e., 
hysteria, hyjrochondriasis and depression, 
were definite when compared with the 
scores made by the same subjects during 
the “ control period,” and reverted to "nor- 
mal” with equal definitivencss upon ade- 
quate supplementation with the nutrients 
which had been provided earlier in re- 
stricted quantities. These deviations ap- 
pear to be similar to those reported in 
analogous investigations by Iveys and as- 
sociates.® In addition, certain signs m 
other categories corroborated the changes 
which were indicated by the personality 
appraisal. These included the changed 
demeanor of the subjects that was appar- 
ent to all the observers, the marked con- 
trast in demeanor between control and 
experimental subjects, a marked decrease 
in physical performance scores, and cer- 
tain clinical signs, such as consistently 
high resting pulse rate and diiistolic blood 
pressure. 

Program. The subjects, enrironment, 
diet, etc., have been described in detail 
el.'cwhcre.- In summnn-, 7 young male 
volunteers, aged 23 to 27, consumed a nor- 
mal diet for 12 wcek.=, during which various 
measurement® of phy.sjcal and p-yrbomotor 
perform.anec were made in order to e*-fabli‘-!i 
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normal oi- l)ase line levels. Personalit 3 ’^ ap- 
jjraisals were made at the end of the normal 
diet period using the MMPI. Following 
this control period, an experimental diet 
which contained j’astricted quantities of B 
complex vitamins and animal protein was 
consumed bj'’ all 7 subjects for 5 weeks. The 
nuti’itive values of the normal and experi- 
mental diets are shown in Table 1, and a 
sample menu for the latter in Table 2. 

TabiiE 1. — NuTnmoNAi. Content or the 
Normai. and Expeiumentai. Diets 

Normal Experimrjital 


Nvti-icnts 

diet 

diet 

Calorics 

3170* 

.3300* 

Protein (gm.) 

70* 

40 

(l-Tryptophane) (mp.) 

700-900 

210-300 

Calcium (pm.) 

0 SO* 

0 20* 

Pho.sphorus (gm.) 

1 20* 

0 58* 

Iron (mg.) .... 

15 50* , 

12 00* 

Thiamine (mg.) 

1 44 

0 50 

Riboflaxdn (mg.) 

1 84 

0 30 

Niacin (mg.) 

15 00 

5 SO 

Biotin (meg.) 

44 00 

19 00 

L. casei factor (meg.) 

04 00 

23 00 

Pantothenic acid (mg.) 

4 70 

1 10 

Pyridoxine (mg.) 

1 70 

1 10 

Ascorbic acid (mg.) . 

105 00* 

90 00* 

Vitamin A (I.U.) 

7400* 

10,000* 


Calculated. 


Tabee 2.— Sample Menu of Experimentai. 
Diet 

Breakfast Dinner 


Applesauce 
Fried cornmeal nni.sli 
Fried salt pork 
Karo s.vrup ivitli M.np- 
lene 
Oleo 


Baked hominy Rrit.s 
Hot beets 
Perfection salad 
Plain cornmeal inufTins 
Oleo 

Cranberry .sauce 
.Apple Betty 


Lnnch 

Baked spauhetti cas- 
.scrolo with corn muf- 
fin ernmb toppina 
Green beans 
Carrots 
Pickle relish 
Plain cornmeal muffins 
Oleo 

Pear halves 


Bedtime 

Cornmeal muffins 
Grape jolly 
Lemonade 
SuRar 


Note: Normal diet consumed by all .subjects 
the first 12 weeks; thereafter all subjects, both 
control and experimental, con.sumed experimental 
diet but former received supplement.s in quan- 
tities to equal or slightly exceed levels of nutri- 
ents found in normal diet. Calcium, phos- 


phorus and iron levels of the experimental diet 
were increased to 0.9 gni., 1.1 gm., and 32 mg., 
respectively, by use of dicalcium phosphate and 
iron pyrophosphate. Ascorbic acid content of 
experimental diet was provided in part by .synth- 
etic lemon powder fortified with ascorbic acid. 
Vitamin A content of experimental diet was 
mostb’’ in the form of beta-carotene. 

At the end of the 5 weeks, 2 of the subjects 
were chosen as “controls” and received 
crjLstalline supplements of the B complex 
vitamins and protein in amounts to equal 
or exceed the levels found in the normal 
diet.* Three of remaining 5 subjects began 
an additive supplementation schedule at the 
end of 15 weeks, and the remaining 2 at 
18 weeks. The general plan of supplementa- 
tion differed for the 5 subjects. Within a 
relativelj'^ .short period of time following ex- 
perimental week 15, Subject E-3 received 
all the supplements given to the control 
subjects. Subject E-4 was similarb’^ sup- 
plemented except that the lesser knovm B 
factors (pyridoxine, pantothenic acid, L. 
casei factor and biotin) were given some 
time after thiamine, protein, ribofla^dn and 
niacin. The remaining 3 subjects received 
the supplements according to a step-wise 
additive schedule. During experimental 
weeks 36 to 39, all subjects consumed a 
luxurious diet, plus .supplements of crj’^stal- 
line nutrients and 10 gm. daily of high vita- 
min potency yeast. The schedule for control 
and experimental subjects was as follows: 

Diet and Supplementation. Control sub 
jects (C-1 and C-2): Control weeks 1 to 12 
— normal diet. Experimental weeks 1 to 5 — 
e.xperimental diet. Experimental weeks 6 
to 35— experimental diet plus full supple- 
mentation. Experimental weeks 36 to 39— 
hi.xurious diet in quantities desired individu- 
ally. 

Experimental subjects (E-3, E-4, E-5, 
E-6 and E-7): Control weeks 1 to 12— nor- 
nial diet. E.xperimental weeks 1 to 15 (E-3. 
E-4, E-5), 1 to IS (E-6 and E-7)— experi- 
mental diet. Experimental weeks 16 to 35 
(E-3, E-4, E-5). 19 to 35 (E-6 and E-7) — 
experimental diet plus additive supplementa- 
tion with cra’stalline B xntamins and protein. 


The -•^upplcmenfs wore .is follows: (1) 40 gm. animal protein (as 45 gm. calcium caseinate): (2) 
0.< gm. calcium as dicalciuni pliosphafG; (3) 0.54 pm. phosphonis as dicalcium phosphate; (4) 20 mp 
iron as iron pyrophosphate; (5) COO I.U. \dtamin D; (0) 1.2 mp. thiamine hvdrorhloride; (7) 1.5 m- 
riDoiiavin; {.Si 12 m^. nicotinamide; (9) 00 mcp. biotin; (10) 90 mcp. L. ease; factor (folic acid) - (11) 

calcium pantothenate and half ns dextro calcium pantothenate- 

-rill- acid; (13) 3 mp. px-ridoxine hydrochloride; (14) 0.5 pm. choline chloride' 

j\s cuoiino nihydroccn citrntc. 
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Experimental rveeks 36 to 39— luxurious diet 
in quantities desired indmdually. 

Personality appraisal was made on 4 occa- 
sions during the experimental weeks I to 39. 
At the same time numerous other measure- 
ments were made weekly or bi-weekly, for 
the physical, psychomotor, clinical and bio- 
chemical aspects. 


Results. Significant changes occurred 
in the triad: liysteria, In-pochondriasis 
and depression. Reference to Figure 1 
shows that at the second appraisal, follow- 
ing some 15 weeks of the restricted intake 
of nutrients, a rise in score was obtained 
for all 5 experimental subjects in these 3 


(a) hypoohdnor IAS is (a) oepressiom 


(c) HYSTERIA 
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personality categories, while the scores for 
the controls were either unchanged or de- 
creased. Only a few of the increased 
scores made by the experimental subjects 
exceeded the normal raiujc, however. 

. At the point of third appraisal, supple- 


mentation with thiamine had been given 
to all subjects, protein to Subjects E-3, 
E-4 and E-5, and niacin and riboflavin 
to E-3. The times at which the various 
supplements were received are shown in 
Eigures 1 and 2. Following supplementn- 


(a1 psychasthen I a 


(b) sch izophheh I a 


(c) HYPOMANIA 
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INptiivAtion of Fipircs 1 :uui 2: Tlio normal range of scores on tlie muUiphasic test is considered 
to he SO to 70. The times- at rvliicli tlio iniiltip)i:isic tests n-ero given are designated by the numerals 
/, 1', S, ,} and .T, eorro.'jponding to different diet.ary and supplementation regimes as foUotrs; 1, Just 
Iteforo change from normal to experimental diet. :?, After approximately 15 weeks on experimental 
diet and jnst Wforo supplementation of experimental subjects Iwgan. 5, Following 0 weeks of thiamine 
supplementation and 1 week of animal protein, nicotinamide and riboflavin to E-3: following 0 weeks 
of thiamine supiilementation ami I week of animal protein, supplementation to E— } and E-5,- 
and following 2 weok.s of thiamine supplementation to E-O and E-7. 4, Following 11 weeks supple- 
mentation with le>ser-known R vitamin.s and (> weeks of egg, meat and milk to E-3; foUo\v-ing 0 weeks 
of egg ineat and milk, G weeks nieotiiiamidc -supplementation. 5 weeks riboflavin sujtilementation and 
l\''ituniin Mipplementation to E-d; following 5 weeks nicotinamide and 4 weeks 
nl'ollavjn snpjdement.-ition to li-.s; and following 5 weeks protein and nicotinamide and 4 weeks rilxi- 
llavm supplementation to E-G and E-7. 5, Following 2 to 3 weeks on a luxurious diet. 
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tion with thiamine, Subjects E-6 and E-7 
showed slightly to moderately lowered 
scores representing lowered tendency to 
hysteria, depression and hypochondriasis, 
whereas the other 3 subjects presented 
in general higher scores, despite supple- 
mentation not only with thiamine, but 
also with the other nutrients described 
above. 

At the time of the fourth test, the 
supplementation described above had been 
continued, and high excretion levels of 
those nutrients were found in the urine. 
By this time, other supplements had also 
been added so that all subjects were then 
receiving thiamine, protein, niacin and 
riboflavin, and Subjects E-3 and E-4 the 
lesser known B complex factors, in addi- 
tion. Subjects E-5, E-6 and E-7 had not 
yet recei\’ed the latter. At this point none 
of the scores exceeded the range of nor- 
mal, although certain ones were still 
higher than those found originally. No 
marked difference in the improveraenj; of 
scores was seen in those subjects not 
receiving the lesser known B complex fac- 
tors as compared to those who did. 

Return to appro.ximately normal score 
levels for each indi\ndual was found at 
the time of the fifth and final appraisal 
which was carried out following 3 weeks 
of the luxurious diet. 

Discussion. .As mentioned previously, 
changes appeared only in the associated 
categories of depression, hysteria and 
hypochondriasis. Other categories in- 
cluding psychasthesia, schizophrenia, hy- 
pomania, psychopathic deviate, male- 
female interest and paranoia did not show 
decisive changes. 

The described deviations in personality 
inventory substantiated the qualitative 
impressions of all observers concerned. 
Whereas tlie experimental subjects were 
languid, morose and occasionally irrit.able, 
it was necescaiw" to request the control 
subject.< to restrain their ebullient .spirits 
in the inten'st.' of maintaining harmony 
in the group, fnteresting alterations in 
r.>t":ng pulse rates and direstolic pressures 
w,r. f.iund in the exjH'rimenta! subjects. 


these being considerably higher than the 
corresponding readings taken during the 
control period, and returning to normal 
upon supplementation. Concurrent de- 
creases in physical performance were ob- 
served with the increases in personality 
appraisal scores. Similar hut not so 
decisive decrements were observed in 
psychomotor performance. The physical 
and psychomotor test results, described 
in detail elsewhere," indicate that changes 
in those categories accompanied changes 
in personality appraisal described herein. 

In the interpretation of results, we have 
contemplated the possibility that such 
factors as monotony of diet and the 
tedium of routine physical and psycho- 
motor testing may have played important 
rbles in causing the deviations noted. 
This possibility is not excluded completely 
by the fact that the control subjects did 
not show similar changes, for knowledge 
concerning who were the control subjects 
and who were not, eventually became 
apparent to all of them— in spite of with- 
holding this information from the subjects 
by using the same diet for all, placebos 
that were identical in appearance to the 
vitamin supplement capsules, and identi- 
cal testing techniques for all. Knowledge 
that they were receiving supplements con- 
ceivably could have prevented the con- 
trols from undergoing personality ap- 
praisal changes similar to those found to 
occur in the experimental subjects. How- 
ever, when the reversal of changes in the 
e.xperimental subjects is interpreted, it is 
difficult to conceive of similar factors 
e.xcrting an influence during that phase, 
for there was no way for the experimental 
subject to know if, when, or how he 
received supplements. These were added 
either rlirectiy to the food withniit the 
subject.s’ knowledge, or given by means 
of .1 tablet or capsule that was the same 
in appearance as the piaeebos. The only 
remaining explanation would appear to 
be that the changes in well-being and 
phy.sic.al performanee were p:irrdlelfr}, more 
or less, by return to normal score.i on tlie 
personality nppnu.sal t(st. 
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Summary, During a period of restrict- 
ed intake of B complex vitamins and 
protein, 5 subjects showed changes in 
personality appraisal {Minnesota Mulii- 
fhasic Personality Inventory) that were co- 
incident with changes in other categories, 
notably physical and psychomotor per- 
formance and resting pulse rate and dias- 
tolic pressure. The changes occurred in 
the triad of hysteria, hypochondriasis and 
depression, but not in any of the other 
categories included in the Minnesota mul- 
tiphasic test. Similar changes were absent 
in the control subjects. With supplemen- 


tation, there occurred a beginning regres- 
sion towards scores found originally dur- 
ing the initial normal diet period. This 
improvement progressed during the course 
of supplementation with tliiamine, pro- 
tein, nicotinamide, riboflavin and the 
lesser known B complex factors, and was 
concurrent with improvement in physical 
performance and feeling of well-being. 
Actual attainment of each subject’s orig- 
inal "normal” scores occurred following 
a final 3 week period when a luxurious 
diet was fed. 
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An interesting trend of the present day 
is the growing appreciation of causal inter- 
play in the field of infective agents. Pri- 
mary and secondary infection, not alone 
in the field of the bacteria, but as between 
fungi and bacteria, and viruses and bac- 
teria, is gradually attaining what is evi- 
dently a deserved recognition; and bac- 
terial allergy as distinguished from simple 
bacterial infection is serving increasingly 
to explain or provide plausible theory for 
a range of manifestations much broader 
than those produced by simple infection 
alone. Moreover, allergic interplay is now 
taken to include intcrjilay between bac- 
terial and other types of allergic response. 
Foods incite to exacerbation and relapse 
of infections, infections bring about allergic 
rcspon.^cs to foods; and now infections 
incite to allergic types of response to other 
infections, in sequences in which the pri- 
mary offender is ivith difiiculty identified, 
or perhaps has altogether disappeared in 
the commotion produced by the second 
organbm particip.iting in the infection- 
allergic sequence. Such infcction-aliergic 
sequences have been recognized in denna- 


tology in the strepto-lemrids for example, 
described by Darier, Ravaut, Ramcl and 
their associates.'® They are with good 
reason suspected in the fiingns-pyogcn 
dermatoses inchided in the colloquial term, 
“athlete’s foot” and the eczematoid erup- 
tions of hands and feet. It is the purpose 
of this review to cover the groundwork of 
still another type of sensitization sequence, 
the “ \drus-pyogen sequence” .as we shall 
call it, recognition of which is on the 
threshold, so to speak. 

Such a concept is of use in explaining 
2 painfully common phenomena in derma- 
tologic practice: relapse and non-cure for 
which no gross external mechanism such 
as ree.xposure to a contact allergen, for 
example, can be demonstrated. Inflani- 
matorj- eruption.s of varied origin, inchnl- 
ing industrial and contact dermatitis with 
“eczematoid” or “infections oezeinatoid 
dermatitic” cliaracteristics, and pen’b- 
tence after removal of the priinary irritant 
or allergen ; ami the pyogen roinplieatcd 
flares of acne vulgaris. dermatoJ)hyto?^^, 
lupus erythematosus, ami the e<-zeiiia 
asthma hay-fever comide.x (“prurigo Be.-- 
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nier” and the so-called neurodermatitis 
flisseminata) are cases in point. Without 
too much stretching, outright disease en- 
tities such as the varicelliform eruption 
of Kaposi can he grouped under these 
categories. Suspected virus diseases such 
as dermatitis herpetiformis, and the im- 
petiginizing herpetic processes and bullous 
impetigoes seem less far apart; and drug 
eruptions very plausibly'- respond to inter- 
pretation by an approach to the Milian'^'^ 
formula of infection activation in which 
the drug 'merely stirs up a previously 
existing infection, or perhaps more cur- 
rently, an infection allergy. The relation- 
ship between the sensitizing infection and 


focal colony as at a tooth apex, disturbed, 
may act as a trigger for a wholesale her- 
petiform outbreak or an exfoliative der- 
matitic “ drug eruption.” As isolated cases 
or small groups, these occurrences have 
now been recorded in the literature, with 
but scant attention to their etiologic in- 
tegrative possibilities. Collecting them 
raises their impressive value and provides 
a basis for further study. 

The follo-vving tabulation groups a num- 
ber of virus infections (or suspected virus 
infections) in which pyogen correlates 
have and have not been suspected. 

The virus pyogen sequence in variola- 
vaccinia has been interpreted historically 


Table l.—Vinus Infections and Pvogen Cokrelates 


Pyogon correlate or sequence 
suspected 


Pyogen correlate apparently 
absent 


Vnocinia 


Virus pneumonia 


Variola 

Varicclla-zoater 
Herpetic infections 
Horpo.s-impetigo (viius impetigo) 
Influenza 

Adult diarrhea, "food poisonings," etc. 
Atypical diarrhea of infants 
Nnsorespiratorj’’ and bronchitic infections 
("coryzal types") 

Aphthous uveitis 

Acute infectious gingivostomatitis 

Eotodormosis crosiva phiriorificialis 


Virus hepatitis 

Encephalitis 

Poliomyelitis 

Ornithosis 

Mumps 

Measles 

Rubeola 

Lymphogranuloma venereum 
Verruca vulgaris 
Molliiscum contagiosum 
^A^'aclscli urethritis 


Triple syndrome of Behcet 
Erythema multifornic 


Dermatitis herpetiformis 


Pemphigus 

Cntarrlial vulvo\;aginiti? 


its consequence is tit times reversible, and 
a pyogenic infection may seem to sensitize 
to a virus as in the Kaposi eruption, or 
the 2 may coexist, or, as tve suspect more 
often, the virus paves the way for the 
pyogenic explosion, which follows it after 
a fairly well-defined incubation period or 
refractory phase, and completely over- 
•shadows the first offender. Moreover, it 
is not necessary that the sensitization be 
botweeu agents on the same terrain, c. jj., 
the skin. The \nrus may be in the para- 
na.sal sinuses or the intestinal tract or 
distrihuted throughout the body in a gen- 
eral infection, and the primary or relapsing 
^ manifestations in a specialized skin struc- 
ture such as the hair follicle. Or a small 


as a coincidence by many observers, inter- 
est being absorbed by the corpuscular or 
granular body studies of Guarnieri and 
Negri in their application to r^ariola b\" 
Paschen.®' The transmission of tlie dis- 
ease by the bacteria-free fluids of the 
early vesicle quite overshadowed for a 
time the pyogen sequence. Arndt^ in the 
Dresden epidemic of 191S-1919, however, 
found streptococci and pneumococci in the 
blood. Hines^” in the Chicago epidemic 
of 1922 found both the hemolytic and 
non-hemolytic streptococci in the blood. 
Ikeda®^ in the e.vcellent studies with 
i\IichclsoiP^ and Sweitzer®^ of the Minne- 
sota endemic and epidemic smallpox, 
found that of 2S cases subjected to blood 
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culture, XN-ith the hemorrhagic form of the 
disease, 23 showed streptococci, 16 hemo- 
Ij-tic and 7 non-hemolytic. Five were 
negative. In the discussion of jMichelson 
and Ikeda’s paper, Schamberg, whose ex- 
perience with the disease was one of the 
largest, stated that though the fluid of 
the early variola vesicle is bacteria-free, 
by the 4th to the 6th day, streptococci 
are found both in the vesicles and in the 
blood. He reealled Councilman’s state- 
ment that a patient does not die of small- 
pox per sc, but of a streptococcic septice- 
mia. Clinical observation of the course 
of variola does much to impress the belief 
that it is a sjmdrome of 2 infections, the 
\nral stage including the appearance of 
the initial e.xanthem, and temperature rise, 
and the ensuing vesiculatlon, and the 
P3’0genic invasion which produces the 
pustular manifestations, the secondary 
fever, the septicemic and hemorrhagic 
manifestations, abscesses, etc. Ikeda, 
however, insists from his study of the 
Minnesota material that the full-bloAra 
variola pustule is sterile, but the pustule 
with hj’percmic reaction in the surrounding 
skin often yielded hemolytic streptococci. 

What is eridently needed to amplify 
these suggestive observations is further 
stiidy of pyogen susceptibility and pyogen 
flare reactions of persons with normal 
skins, following initial vaccination in 
variola epidemics, and of the behavior 
of the clinical p^•ogcn-susceptibles witli 
pu'Jtular acne, staphylodermias, etc., under 
ciinilar circumstances. 

The varicclla-rostcr relationsiiip is still 
ituoKed in controversy, chiefly as to the 
identity of the riml cause,s of the 2 dis- 
ease'. We have l)cen able to find little 
in the literature to supsrest a tdrus-pyogen 
relationship in the clinical manifestations 
ju'cribed to the roster viru', though Rose- 
now an<l Oftetliil'* thouglit tlicy had re- 
jirodiiccd zo'ter in .animals by injcctinc 
streptococci i-o!ated from \arioiis focal 
infi'ction' in p iti'nt' 'ufTerinc v.ith ro'tr r. 
?'!fid'-'’ found dip!('>'of'ri .and slmrt <s>cc;il 
ch.iir;' in the G.-t'-eri m of ih'' 

afTiCted side in a cuse uf h'-rjx.-:? zo'tir 


ophthalmicus. In contrast with the viru.s 
pyogen findings in herpes simple.\, we 
have been unable to find any report of 
pyogenic invasion of the elementarj 
zoster lesion. It would appear that a 
more intensive study of “complicated,” 
i. c., gangrenous zoster, and secondarily 
impetiginized otic ganglion zoster (a not 
uncommon clinical complication) is de- 
sirable. 

The impetiginization of herpes simplex 
lesions is a matter of common clinical 
observation but has had relatively little 
intensix'c bacteriologic sttidy. Clinical 
experience also bears out the observation 
that impetiginization of herpetie lesions 
varies from indixddual to individual, and 
at different times in the life history of the 
same person. Geniculate ganglion herpes 
seems notably more frequently compli- 
cated by an early and rapid pyogen inva- 
sion, while the opposite seems to he tlic 
case in ophthalmic herpes. Possibly the 
soil on xvhich the herpetic skin lesion 
appears is the determining factor. The 
ear and particularly the almost intertri- 
ginous rctroauricular surface in ears set 
close to the skull, is a notorious haunt 
of streptococci as witness Mitchell’-s" 
study of the streptococcal dermatoses of 
the ear. Fenton’s*® discussion of otic 
herpes zoster calls attention to the niilder, 
eczematous type of eruptive manifesta- 
tion in this disease, which may repre.serit 
a pyogen invasion or sequence, and em- 
phasizes the differential importance of 
pain in identifying the herpetic element 
in cases masked by the eczematous ap- 
pearances. Thus it is more than .siiggC'ted 
that one type of herpetic infection can 
xmderlie in certain c;vscs a variety of 
clinical pictures ranging from the j/jrngo 
srnimln or iiupcligo scnbifla of Alihvrt (the 
“French ear”) to the piturinrii slrrjMgi'tte 
of Haxthau'en. .\ttention i' al-o directed 
in these paper- to the instrumentality of 
the flraining c:ir of otiti' media in pro- 
xdding a .secondary inomil.itixe 'ourec for 
imjjeticinous eczema of the < .iti.'d atid 
.mrifle. In c.’-c' in uliich on exidMi'-*- 
of dnmi 5 < rfor.itio!: po^t or pre ml c:in 
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be found, the possibility of an activating 
otic herpes should not be lost sight of. 
Campbell- has commented on the symbi- 
otic relation of virus and pyogen in the 
minor varieties of impetigo contagiosa and 
has even suggested that impetigo itself 
may be at bottom a virus disease. 

The immunologic status of the herpes 
virus-pyogen involved skin also deserves 
more study. In 1934 Pacrdau®” reported 
the effect of a stock staphylococcus vac- 
cine with anatoxin in reducing the size 
of zoster vesicles, preventing eczematiza- 
tion and relieving symptoms. Francois®^ 
in 1^39 used “ antistapbylococcus vaccine” 
successfully in subcutaneous injection near 
the site of the zoster eruption, and Fouas- 
sier^- employed it both subcutaneously 
and intradermally. GodaF® and Magrou 
a year later confirmed the reported favor- 
able experience of the foregoing authors. 
Apparently no procedure for determining 
the grade of sensitivity of the zoster 
patient’s skin to staphylococcus vaccine 
or to.\'oid was undertaken. 

The Kaposi varicelliform eruption, most 
frequently observed as a complication of 
the eczematous phase of the eczema- 
astlima-hay-fever complex in our experi- 
ence, is an explosive varioliform eruptive 
affair accompanied by high fever and 
sometimes septic symptoms, which has 
been studied earlier in relation to pyogen 
invasion and more recently, as virus cul- 
ture techniques have improved, from the 
standpoint of the herpes ^^rus. Jaquette, 
Convey and Pillsbury®® briefly review the 
earlier literature since Juliusberg^ in 1898 
suggested that the characteristic umbili- 
cate lesions were produced by Siaphylococ- 
cus axtrais. A number of the subsequent 
papers which recognized the presence of 
staphylococci rated them as incidental 
and not truly causal. Jaquette d aL, on 
the basis of clinical similarities, emphasize 
the possible primary etiologic agent as the 
vaccinia ^^^us. Barton and Brunsting® 
classify a number of papers on the basis 
of staphylococcus, streptococcus and \nrus 
etiologic leanings. King®" reported a case 
of Kaposi’s varicelliform eruption which 


began as herpes zoster. A number of 
authors since Freund®® in 1934 reported 
the finding of Guarnieri bodies in the 
lesions of Kaposi varicelliform cases hav’’e 
attempted confirmation of his observation 
without success. The frequent presence 
of pyococci was acknowledged, but their 
significance contested. 

In 1944, Blattner, Keys and Harrison,® 
working on a case clinically reported b,y 
Lane and Herold,^® identified a Hrus which 
they regarded as closely related to, or a 
strain of the herpes simplex virus, and 
discarded the pre^^ous theorization re- 
gaTtbxig tbe vaccinia virus. In 1945, 
Lynch and his co-workers'*® reported the 
finding of the virus of herpes simplex in 
a case of Kaposi varicelliform eruption. 
The source was not determined in this 
case, but 2 other cases followed herpes 
simplex in a parent of each of the children 
affected. 

So far as the literature then indicates, 
the virus-pyogen relationship in this group 
of dermatoses (“eczema hepeticum” as 
Ljmeh and co-workers propose to call it) 
needs further study not only on the virus 
side but also on the typing, pathogenicity 
status and immunologic and allergic re- 
sponses to the pyogens which ha^'e been 
identified. Jaquette d al. confirm Lynch 
d al., and venture a step further in 
including the beta hemolytic streptococci 
and staphylococci they found, in the 
etiologic interplay. 

The next group of possible virus-pyogen 
correlates on which a get-togetiier is badly 
needed includes the following: 

1. Rendu®® and Fiessinger and Rendu;'® 
a syndrome characterized by simultaneous 
inflammation of all external mucous sur- 
faces coexistent with a varicelliform later 
purpuric eruption of all 4 extremities. 

2. Klaudcr:®® ectodermosis erosiva plu- 
riorificialis. 

3. Stevens - Johnson syndrome:®® “a 
new eruptive fever associated with stomat- 
itis and ophthalmia. See most recently 
Kove.®® Stevens-Johnson syndrome. 

4. Baader:^ dermatostomatitis. 
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5. Irvine, Hoerr and Allanson;^ vesicu- 
lar phar^Tigitis and stomatitis. 

6. Behcet;^ recurrent genito-oral aph- 
thosis and uveitis ndth hj'popyon.* 

7 . Franceschetti, Valerio and Babel 
using the above designation. 

8. Ketzenellenbogen using the above 
designation. 

9. Curth:** using the above designa- 
tion. 

10. Scott, Steigman and Convey acute 
infectious gingivostomatitis. 

11. Lever:'’- severe erythema multifonne. 

The clinical resemblances among these 

conditions are readily apparent to the 
dermatologist, Franceschetti and his co- 
workers’^ have well summarized some of 
the relations under a ^drus etioiogic hy- 
pothesis as follows: Recurrent aphthous 
uveitis “is indeed an independent disease 
defined by tlie development of periodic 
attacks, by its complex and characteristic 
symptoms and by its resistance to treat- 
ment. . . . Although a ^^rus explains 
in a fairly plausible way (since its existence 
cannot be proved with certainty, the in- 
oculations liaving failed to produce the dis- 
ease) the aphtha? and uveitis, it is necessary 
to introduce another factor, which is the 
sensitization of the organism. This allergy, 
howc^•cr, seems to be secondary, and 
not the initial cause of the disease.” He 
then relates it to the allergic status of the 
ocular disorders a.'jsociated with rheumatic 
states. Cavara” and Adamantiadis’ sepa- 
rately reported blood cultures of mildly 
pathogenic staphylococcus from the blood 
stream and Wve*'’ felt that the articular 
process in erythema nodosum was ti mani- 
festation of an allergic state against the 
staphylococcus. .Agelofp and Ginandes”" 
separately report isolation of streptococci 
and staphylococci from the lesions. Gil- 
licrt^ thought the eye lesions metastatic 
and the p.itient the victim of a low-grade 
.sepsis. Cavara aiui .\da!n:intiadi' in th*- 
Stevens-Iofuison syralrortic, believed th.-it 
.a virus made th’* lws<ly more sii^n-ptilili- 
tn the st.apliylrKav'Y'u-, 

• V’trr.'.i rh •i! ! t” f .'.I '-'i to G.c rr.*-.* ij. 
-ctr-rl d-rtr.-.UU- O’D- r asr. r.r^ Mi-! 
•.cris!, Dnl. Mtd. J . H'. J'r.uv-v 2,’. mtT. 


Thus far, then, the negative holds tin- 
stage in this group so far as pyogen and 
xdrus etiology is concerned, but the appli- 
cation of better techniques on both sides 
may establish either or both causes, or 
an interrelation between the two. .•\n 
allergic or sensitizing relation has already 
been suggested. 

It is not the purpose of this sum- 
mary to go in detail into the problem 
of xdrus etiology or influence in dermati- 
tis herpetiformis and pemphigus whose 
clinical relations to erythema multiforme 
on the one hand, and to the known septi- 
cemic clinical forms of “pemphigus” 
(butcher’s pemphigus, acute septic pem- 
phigus of infancy) are familiar to derma- 
tologists. For a good review of the latter 
group especially reference may be had to 
Lever’s paper on severe erythema multi- 
forme. There exist, however, as Callaway 
and Sternberg’s” study of bacterial allergy 
in dermatitis herpetiformis illustrates, 
good reasons for suspecting that a bac- 
terial allergic state is an important cle- 
ment (in their case pneumococcus Type 
VII) which underlies or participates in 
the cause of dermatitis herpetiformi-s. 
Urbach and his associates®’’ support the 
virus concept for both dermatitis herpeti- 
formis and pemphigus, while O’Leary and 
AVelsh®” and lYclsb®® have supported the 
streptococcal etiology of pemphigus. I.n- 
til the virus work is elaborated and con- 
firmed and the possibility of a filter- 
pa.ssing streptococcus derivative (sec Rn-e- 
now on poliomyelitis) studied, the problem 
of virus pyogen rclationsbip in this group 
remain,'; unsolved. 

Viriis~p)/ogi7t Cornlntion in llir “ Inftn- 
rnzaf’ Nd-'^nTrxjiirnloTii and OnT'Irn-inlr."- 
linnl ViruK Infrrdon firld. Tin's part of 
oursutumary i.s e.s.sentially a >ise fif analogy 
fa not too strong form of argument in 
it.self) to .shed light on vini--pyogcn ri hi- 
tion-liip; in the “exaeerbative” group of 
d'-rmato-es, whieii will le- hast eoioi'ler' d. 

The groiiji of vinis iiifci-tion- con-titiit- 
iiig ‘-t>-'allcd “ influ'-irA’i” ha- long b'- ii 

■:i: "-i'lr. ft a- 

Rri? J. Orh'h-.I., 30. t''"!, I'-Ue,, s:.-i 
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recognized as having a definite cutaneous 
eruptive phase which was well summariz- 
ed by Derbandiker^’’ in 1933. From a 
survey of the literature and his own ex- 
perience he described efflorescences rang- 
ing from roseola to varioliform pustular 
and erythema nodosum lesions associated 
with the febrile stage of the infection, 
and terminating promptly with the return 
of the temperature to normal. These 
“toxic erythemas” might be regarded as 
comparable to the roseolar phase of 
variola in the initial febrile stage. These 
are to be regarded as separate for discus- 
sion purposes from the sequential pyo- 
genic manifestations which usually fol- 
lowed after an interval of several days, 
the virus infection as such. During the 
1918 to 1920 influenzal years, Stokes and 
Callaway'’® in 1937 pointed out that there 
were numerous references to the sensitiz- 
ing effect of the influenza or wrus phase 
to subsequent invasion by pyococci. For 
example, Chickering and Park'‘‘ called 
attention to staphylococcic pneumonia as 
a frequent complication. Small and 
StangP® isolated streptococci from most 
of their patients with pneumonia and 
found staphylococci and pneumococci in 
some instances. Staphylococcic empyema 
was a fairly common influenzal sequel in 
1919; Baffin® and Ransohoff®® noted it 
especially at the Cincinnati General Hospi- 
tal, where pneumococci played little part. 
Leviid® found empyema in 5%, otitis 
media in 12% and sinusitis in 10% of 
children with influenza. Keeler®® pointed 
out that pyogenic otitis media follows 
mild as frequently as it docs severe influ- 
enza. Abscess of the lung is rated by 
Fishberg®® as especially common and seri- 
ous as compared with other infections of 
the respiratory tract following influenza. 
Burgess and Gormly^'? recognized in a 
more recent epidemic of mild influenza 
(1930) that there Avas a striking rise in 
the incidence of pneumonia and an in- 
creased tendency toward the fulminating 
type caused by Staplnihcoccus 07trais, as 
in the 191S epidemic. 

The question as to whether the staphylo- 


coccal diarrheas which appear in sub-epi- 
demics during periods of influenzal preva- 
lence are to be regarded as associates of 
the virus infection or merely coincidences 
is, of course, hardly settled. Attention 
has been drawn to them in an editorial,®^ 
and Terrell and Owen®® subsequently re- 
ported a 30-case epidemic. Jankelson and 
Massell®® believed the pyogenic lesions of 
the skin in 5 cases of ulcerative colitis 
contained the same organism as that 
obtained from the intestinal lesions. To 
quote Stokes and Callaway again, “It 
appears, then, that an induced sensitiza- 
tion to pyococci, whether of virus or of 
pyocoecic systemic (gastro-intestinal) ori- 
gin, is a fair presumptive sequel of epi- 
demic intercurrent Aurus infection such as 
that Avhich occurred during the year 1936 
in the eastern part of the United States. 
During this year 134 instances Avere ob- 
served of an apparently direct relation of 
pustular flares to intercurrent infections 
such as the colds, grip, conventional 
influenza and the gastro-enteritic type of 
infection. The incidence in female sub- 
jects sHglitly preponderated. One-third 
of the patients had infections of the upper 
part of the respiratory tract; one-half 
had gastro-intestinal infection, and one- 
fifth had grip. Relapses unexplained by 
other factors, such as diet, fatigue, negli- 
gence, ingestion of alcohol, nervmus ten- 
sion, contacts and climatic conditions, 
Avere obserA’ed, in order of frequency, in 
81 patients AA'ith acne Amigaris and acnei- 
form eruptions, in 17 AA’ith a mycotic- 
pyogenic-allergic dermatosis, in 12 with 
chronic extensir'e eczema (neurodermat- 
itis), in 6 AA’ith pruritus ani et vTilvie, in 6 
AA’ith dermatophytosis of the feet accom- 
panied AA’ith dermaphytids and in a few 
AA'ith seborrheic, rosaceal or furuncular 
eruptions, an eruption caused by stasis or 
by a drug, lupus erythematosus or cheilitis. 

“It is notable as a first suggestion of 
the allergic character of this tA-pe of re- 
lapse that a marked trend toAA’ard familial 
pA’ogenic susceptibility Avas obserA'ed in 
the patients, as noted by Stokes and King®® 
in their study of acne and seborrheic der- 



5-3^ 
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n22to5<s. Tfju pyo::cn-prv<ji5Ty>=wi 5^r-V_ 

grtnird Eppjarvd amor::: pa:k-nt5 vrjth 
allorpic ecztma in l?i -rrith dcrmarophy- 
rc^sis in 54 '<vi:h in To^T: ^nd -adth 
pyopemc-mycoric-alkrmc d-rmatf'sk in 
»05c- A 5-eoond 5’jpje>t:o:i of tn allt-rmc 
tjackrro'jnd for rht- pk<-nomi-r:on k 
iatent perlo^i. during v,-h:ch y'-nsivizatk-n 
to the pyort-nrc or pu5tuk— proflucinn acent 
mhtist take piacv. In »y)51 of cm-ey the 
outtireal: ix-aan i'-tr.-et-n the 7th and i!th 
day follordna t':e n.<f>an:zefl orr-et r.f the 
genera! infection. Leinner^' oix'-fred a 
latent pxnod of from S to 10 da;.? preced- 
ing an epioemic outbreak of er'.thema 
multiforme in 30 of -v5 sjo;.? in a ?c;:oo! 
home, after mild cor.'za," 

In interpreting the-ee ob-=er'.'at;on5 these 
author? ca!] attention to the argument in 
favor of an alleraic baekaround for the 
phenomenon, indudinr the latent period 
of 7 to il dzys t>et~een the onset of the 
general infection and the anpearar.ce of 
the p;.'ogenic sequence rt-r.c>gniaab!e in GO Sr 
of the cases ob?er"red. The;.* further cite 
the early observations of .Stokes and 
Cathcarp' on the effec-t of nasorespirator." 
infection in causing a svring torrard pus- 
tulation in previous!;/ uncomplicated and 
relatively mild exfoliative dermatitis, and 
o: Stokes and Kulchar'^ on the infection 
allergic interpla;/ of both m;/conc and 
pyogenic infection in arsenical exfoliative 
dermatitis. 

On the experimental sice of the '■.•ims- 
pyogen sequence, there is a notable paucitj' 
of studies. Glover.-- in his vrork -aitb the 
inruenza virus in ferrets, called attention 
to the role of streptococci in exploiting, 
so to speak, a virus infection, implving 
that the clmical picture vras a suminatfon 
of the erects of both infections. Sruart- 
Harris^ comments on the notable lack of 
attention to the virus pyogen relationship 
which has marked current thinking, point- 
ing pardcaiarl;/ to SfqpiJonsrcu-r ciircu-r. 

The 3 most recent applications of the 
virus-pyogen exacerbative sequence have 
concerned hemolytic-pv'ogenic and myco- 
tic pyogen infectfons of the hands: prarmo 
Btsnier (cutaneous nhase of the eczetna- 


asthma-ha;/-fever complex and the pro- 
duction of photosersitivit;/. Stokes. Lee 
and -lohr^on- state that their pho-sidan 

pv'ogen hares of tr.e dermatitis of —dr 
hands, as well as did the authors them- 
selves. Provocation of extensive ids was 
taken as evidence of the allergic basis cf 
tie hare. To quote: ‘"Spreading ervnh- 
e:na. increased edema, a shower of pus- 
tules local!;/, extension without chants in 
m/'mholotv. local ivunphantitis and i;.m- 
phadenitis. sudden involvement cf the 

hexures 'intertrigo^ or a wholesale out- 
break of a follicular papular patch;/ or 
dinusel;/ conhuent dermatitis, each or 
severali;/ corntitute the hare.” Sunc-na- 
mices had to be used to ccntrol tne occa- 
sional head to foot outbursts of pusnnes 
or a pxmphigoid eruption. Xorrlmd® 
and independent’;/ B:e' have aptfarentl;/ 
applied a concept of induced intection- 
allerg;/. to a h/mo- or cesensitunng treat- 
ment with vaccines of the secoccar;/ 
pv'ogen invader factor in exucertensns 
produced b;/ nasorespirator;/ imecn'ns. m 
the ecrema phase of the eczema-asthma- 
hav - fever comnlex 'tjrurito Besmer. . 


Stokes and Calls 


cesunt'ea 


with case illustrations the cevelop — ent cc 

and in a comment on the complextr/ o; 
the situation involved, notea interrea- 
tions between light sensitivity and vnus 
infection. light sensidvit;/ and pyccen 
hares vrith or without obvious rdanisn 
to an outspoken nasorespiratory infemtn. 
and vinis-nv'ogen-tnckel sensidvir.-. i * nn? 


mey conceae 




to i>? 


scure, trey venture tne suzeesron 
the light sensidvhy in some cases may 
not be a true allergic e~r-r- but he the 
result of porphyrin absorpdon from tne 
intesthasi tract, where perhaps a pm- 
verted (pyogen} hors follows the vnus 
invasion. They invoke this concept also 
fa hyt>othedca! shift in intesdna! DactensI 
£ora foUovdng virus infecdon] to explain 
in theor;/ the exacerbanon of prurrtns aru 
and and r-iwTrcfll iniertrininous ecte- 
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mas following virus respiratory tract respiratory virus infections from which 
infections. It is in fact not inconceivable micrococcus catarrhalis is recovered is an 
that catarrhal vulvovaginitis following example, of a virus-pyogen sequence. 
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V 

THROAT MEDICATION: A SURVEY OF CURRENT TRENDS 
Hi Xo\n 1). FAimiCi.sj, M.I). 

CHICAGO. IUINOl-5 


Although tlie throiit ib the site of tlie 
most common surgical operation in the 
world, it lias heen surprisingly- free from 
that type of intensive physiologic investi- 
gation which, with some measure of suc- 
cess, lias contributed to the improvement 
of nasal medication. As in the case of 
nasal medication, a judicious union be- 
tween physiology and pharmaeology, tem- 
pered by comprehensii-e baeteriologic stud- 
ies and cemented by sane clinical judg- 
ment, can provide a firm foundation for 
rational throat medication. The more 
one examines the therapy of the abnormal 
throat, the more firmly does this thought 
impress itself. 

For purposes of this discussion, the 
term “throat” is made to apply strictly 
to the mesopharynx — the region bounded 
posteriorly by the posterior pharyngeal 
wall; anteriorly by the base of the tongue 
and by the open space directed toward 
the mouth; laterally by the lateral pharj-n- 
geal walls; superiorly by the nasopharynx; 
and inferiorly by the larjmx and upper 
pharyngeal end of the esophagus. Within 
the mesopharynx lie masses of lymphoid 
tissue, more or less sy-mmetrically- ar- 
ranged to constitute Waldeynr’s ring, 
which through their tendency^ to disease 
produce various acute and chronic inflam- 
mations and infections (tonsillitis, pharyn- 
gitis, “sore throat,” Vincent’s angina and 
lymphoid hyperplasia, to mention an im- 
portant few). The manner of their treat- 
ment is twofold: local and systemic A 
survey of current trends in throat medi- 
cation for non-siHgical conditions points 
to the importance of both approaches. 


Hviio\ali. or Loc^l Thkoat Mkdi- 
CATio.v. In recent years considerdl)Ie 
doubt has been cast on the value of 
gargles in acute tonsillitis and acute 
pharyngitis. /Mthough popular uith the 
laity, the use of a gargle has no real 
therapeutic foundation since, as Richards^ 
points out, the A'cry process of gargling 
necessitates an approximation of the poste- 
rior part of the tongue to the soft palate 
in order to prevent fluids from running 
into the larynx. Experiments-" ^^ith 
methylene blue, designed to determine 
how efficient gargling may be, demonstrate 
that the dye cannot be seen beyond the 
third molar tooth and cannot reach the 
tonsillar areas. Painting the throat in 
acute infections, on the other hand, is 
only of psychic ^•alue. 

According to IMacGregor and Long,^‘ 
the efficacy- of drugs administered orally 
as pastilles, lozenges or pills for local 
treatment of tonsillitis or pharyngitis de- 
pends largely on the direction of salivary 
flow which apparently- varies in indirid- 
uals and uith posture. They- conducted 
experiments with pastilles to estimate the 
amount of penicillin likely- to reach affect- 
ed areas at the back of the mouth. Of 
50 subjects studied, some had had their 
tonsils removed and the rest had tonsils 
ranging in all degrees of size. The pas- 
tilles used were of the same base, shape 
and size as penicillin pastilles but con- 
tained 1 % methylene blue instead of 
500 units of penicillin. The pastille, for 
purposes of study-, was placed in the 
mouth in the buccal fold between cheek 
and teeth and allowed to dissolve without 
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agitation. The degree of staining of the 
anterior pillars of the fauces, uvula and 
tonsils was considerable at the end of 
5 minutes and much more at 15 minutes, 
although the tonsillar area was not as 
heavily stained as the other 2 sites. The 
pharynx, when reached, was only slightly 
stained. 

These e.xperiments appear to indicate 
that, with a gelatin base, dyes reach the 
tonsillar area to an extent sufficient to 
suggest that drugs administered in the 
same type of base should reach the tonsils 
in most cases. Lack of staining of the 
pharynx, however, in a large proportion 
of subjects suggests that anj’’ attempt to 
treat pharjmgitis with drugs contained 
in pastilles or lozenges is often doomed to 
failure. Flow of saliva at the back of the 
mouth and the swallowing mechanism 
appear to be such that saliva does not 
bathe this region as effectively as the oral 
cavity. 

Arnett^ believes that drugs incorporated 
in paraffin are slowly released into the 
saliva when chewed. During the process 
of chewing and swallowing they come 
into intimate contact with the gingiva, 
the pharynx and the esophagus. In order 
to determine the extent and degree of 
mucosal staining produced by the incorpo- 
ration of methylene blue and gentian 
violet, observations were made on 13 sub- 
jects. While it was found that dyes 
stained tlie tongue and gingival margins 
deeply and the buccal mucosa moderately, 
the tonsils and the posterior pharyngeal 
structures were usually unstained when 
the patient remained in an upright posi- 
tion; however, when the subject chewed 
and swallowed while in a recumbent posi- 
tion, with head lower than shoulders, the 
tonsils and posterior jiharyngeal tissues 
usually became stained. 

Vollum and Wilson^ describe an out- 
break of scarlet fever due to Sfrrpfococcus 
pporn'iics. Type 11, in a residential prepa- 
rat(uy school for boys and an outbreak of 
son.' throat accompanied by eases of scar- 
let fever due to Type I streptococcus in a 
residental j)ublic school for girls. Treat- 


ment of healthy and of convalescent 
carriers with 6 to 12 lozenges (containing 
0.5 gm. sulfapyridine and 0.5 gm. sulfa- 
thiazole) a day for 5 to 7 days apparently 
had no effect in clearing the infecting type 
of streptococcus from the throat as com- 
pared with control carriers recei^^ng either 
a spray or no treatment. Prophylactic 
treatment of healthj% non-infected indi- 
viduals with 6 lozenges daily had no 
apparent effect in preventing streptococ- 
cic infection of the throat. Observations 
made on persons sucking methylene blue 
tablets demonstrated that only a fraction 
of the dye was deposited on the tonsils 
and none on the posterior pharyngeal wall. 
The authors, therefore, conclude that 
neither for prophylaxis nor for cure of 
streptococcic infection of the throat are 
lozenges containing sulfonamides likely to 
be valuable in clinical practice. 

A more optimistic note is struck by 
RosenthaP who finds that penicillin loz- 
enge medication elicits a response superior 
to that obtainable with a triple dose of 
penicillin by injection. He finds that a 
gelatinous throat lozenge gives excellent 
results in follicular tonsillitis and ulcerous 
Vincent’s angina. The patient is admon- 
ished to permit the lozenge to dissolve 
slowly on the tongue; the medication goes 
into solution within approJdmately 15 min- 
utes when the lesions are bathed in a 
buffered solution of penicillin (2500 units). 
One lozenge is administered hourly. It 
is also reported that a chewing wafer of 
sulfonamide mixture gives e.xcellent re- 
sults in cases of severe pharjmgitis and 
mild forms of tonsillitis. The patient 
chews the wafer as he would gum. The 
inflammatorj' process usuallj* resolves 
within 2 or 3 daj'S. In the opinion of 
Fox and Kesel" and their associates, effec- 
tive topical application of sulfonamide 
drugs to diseased or injured oropharjmgeai 
tissues has been difficult, mainly because 
mechanical factors prevent tlie mainte- 
nance of a satisfactory concentration of 
the drug. The smooth oral mucosa is 
continually washed bj- saliva and does 
not lend itself fa\'orablj- to treatment by 
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powders, ointments or solutions. From 
the standpoint of minimal systemic toxic- 
ity and minimal local antihacterial po- 
tency, they maintain that snlfathiazole in 
chevdng gum seems to he the preferable 
local chemotherapy for the infections of 
pharyngeal iind oral mucosa which are 
susceptible to sulfonamide compounds. 
Best clinical results arc claimed in condi- 
tions of the pharynx and mouth in which 
the beta hemolytic streptococcus is the 
preponderant etiologic organism. In 52 
cases of acute lymphoid pharjmgitis and 
follicular tonsillitis, 72% showed a decided 
decreiise in the total count within 48 hours, 
along with the complete disappearance of 
the beta streptococci in the cultures. 

It has been asserted by Fantus® that a 
hydrogen ion concentration near that 
which is normal for tlie raucous memlwane 
is of even greater importance for applica- 
tions to the mucous membranes than is 
isotonicity. So far as concerns the pH 
values of local medicaments, valid thera- 
peutic conclusions have been dravm in a 
varietj" of clinical fields from measure- 
ments of the hydrogen ion levels of various 
secretions found in their original positions 
on underljnng raucous membrane and tis- 
sue surfaces. Fabricant* finds the normal 
physiologic range of values for the pH of 
the mucous membrane of the throat in a 
large group of men and women with 
clinicall 3 ^ normal throats to be from 4.9 
to 8. For 54.8 % of the subjects the values 
were entirely within the acid range; for 
7.8%, entirelj”^ udthin the alkaline range, 
and for 37.4 %• thej' fell nothin a slighth’ 
acid, sHghtlj' alkaline range of fluctua- 
tions. Prom these observations it is ap- 
parent that the norma! human throat 
maj'^ be either acid or slightl.v alkaline. 
The claims advanced bj^ some pharma- 
ceutic manufacturers that their particular 
varieties of local throat medicaments 
"neutralize excess aciditj’ in the mouth 
and throat” and that therefore the^’' are 
superior because of this quality' can indeed 
be challenged when it becomes clear that 
the pH of the mucous membranes of the 


throat norrnall.v is, for the mo.st part, 
within an acid range. 

Results of treatment of 09 patients wifli 
acute phar.vngeal infections b.v insuffla- 
tion of sulfanilamide powder are reported 
b\' Goldniiin and Kicsewetter.'* The pow- 
der was insufflated once a day early in 
the series and later twice a rla.v. Fifty- 
four patients with similar conditions were 
treated b.v other currentl.v accepted stand- 
ard methods. The average time required 
for clinical cure w.as 1.8 da.vs shorter in 
patients with acute tonsillitis treated ultli 
.sulfanilamide powder than in the controls, 
and 1.7 d.a.vs shorter in patients with 
Vincent’s uleerative tonsillitis. The in- 
.sufflations .appeared effective in 9 patients 
with acute phar.vngitis, but this group 
was deemed too small for comment. .A.bout 
5 gr. of the sulfanilamide powder w.as 
emplo.vcd at eaeh insufflation. Blood e.x- 
aminations of 16 patients revealed no 
deteetable amount of sulfanilamide. Free- 
man® advocates the local use of sulfathia- 
zole powder for acute pharMigeal infec- 
tions. Sulfathiazole powder is applied 
until it thickl.v cakes the involved areas. 
It is claimed the method r.apidl.v produces 
subjective and objective relief and materi- 
allj' shortens the course of the disease. 
In the e.xperience of Hollender,*® sulfathia- 
zole powder treatment, as compared with 
other topical remedies for pharjmgitis, 
gives ever\’ indication of being effective 
in relieving the s.vmptoms more promptl.v 
and in shortening the course of the disease. 
In the chronic cases a number of applica- 
tions maj' be necessarv and these should 
be given at intervals of several daj’s. 

Struble®' maintains that in most cases 
acute pharjmgitis responds well to the 
intelligent use of time-tried methods of 
treatment, such as rest in bed, irrigations 
of the. throat with hot, Isotonic solution 
of sodium chloride, and carefidl.v controlled 
treatment with sulfonamide compounds. 
It has been his custom to continue using 
these methods and to administer penicillin 
intramuscularlj' only when other means of 
therapj' appear to be inadequate. 

One method of irrigating the throat 
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involves supplying irrigating fluid from a 
container held slightly above the patient’s 
head; the fluid is allowed to run over the 
tonsils and posterior pharyngeal wall. 
Syringes and modifications of a douching 
apparatus can likewise be employed in 
irrigations of the throat. Marcotte*® stud- 
ied 29 patients with symptoms of granular 
I)haryngitis, all of whom presented the 
typical nodules of hypertrophied lymphoid 
tissue distributed in varying amounts over 
the pharyngeal mucosa. Treatment lo- 
cally consisted of cauterization with a 
50 % silver nitrate solution or destruction 
by means of electrocoagulation. 

The Use of Sulfonamides and Pen- 
icillin. In upper respiratory tract infec- 
tions the incidence of hemolytic strepto- 
coccus in cultures from the nasopharyn.\ 
\'aries from year to year. In army and 
civilian hospitals in New York City and 
its environs, tlie incidence during the 
winter and spring of 1943-44 was 35.4%, 
as compared with 5.8% for the previous 
year. There was also an accompanying 
increa.se of acute follicular tonsillitis and 
jjharyngitis, often complicated by peri- 
tonsillar abscess, pneumonia and empy- 
ema. Owing to the increasing seriousness 
of these infections, Plummer®® and his 
associates made a clinical and bacterio- 
logic study of the efl'ect of penicillin (28 
ca.ses), sulfadiazine (11 cases), and no 
s])ccific therapy (6 cases) on 45 patients 
acutely ill with tonsillitis or pharyngitis 
due to Group A (Lancefield) hemolytic 
streptococcus. Nine patients received 
intramuscular injections of penicillin for 
24 hours. Peritonsillar abscess was a 
complication in 2 of these patients. After 
24 hours of treatment, cultures were nega- 
tive for hemolytic streptococcus in 8 cases, 
but after penicillin was discontinued the 
organisms reappeared in nasopharyngeal 
cultures. Of 9 patients who received pen- 
icillin for 3 to 4 days, there was bacterio- 
logic and clinical relapse in 4 soon after 
the discontinuance of penicillin. In these 
4 individuals large numbers of hemolytic 
streptococci were found in nasopharyngeal 
culture.^ 48 hours after penicillin was 


stopped and concomitantly a return of 
pharyngeal swelling, redness and exudate 
in 2 of the patients as pronounced as at 
the onset. During the course of sulfadia- 
zine therapy, the hemolytic streptococci 
in the nasopharynx were reduced in num- 
ber, but in only 1 of the 8 cases showing 
many hemolytic streptococci in the initial 
culture did these organisms disappear, 
even temporarily; in all 8 patients they 
were present in the cultures in large num- 
bers soon after the discontinuance of sul- 
fadiazine. Thus, adequate sulfadiazine 
therapy in acute streptococcus tonsillitis 
and nasopharyngitis does not always pre- 
vent the patient from becoming a carrier. 
The authors also had several patients with 
acute tonsillitis who developed peritonsil- 
lar abscess or pneumonia and empyema 
while taking sulfadiazine in adequate and 
comprehensive amounts. 

While evaluating sulfadiazine and pen- 
icillin therapy in tonsillitis, nasopharjmgi- 
tis and scarlet fever on the basis of 
observations on 210 young men, Spink®® 
and his associates studied appro.ximatel,^' 
2000 cultures from the nose and throat. 
As a control, neither sulfadiazine nor 
penicillin was used in the treatment of 
102 patients with acute tonsillitis or na.so- 
pharyngitis. The utilization of sulfadia- 
zine did not shorten the clinical course of 
tonsillitis and did not eradicate hemolytic 
streptococci from the pharjmx. However, 
in very ill patients the severity of the 
disease appeared to diminish more rapidly’ 
than in untreated controls. Total doses 
of 200,000 units of penicillin administered 
intramuscularly to patients with severe 
tonsillitis and nasopharjmgitis reduced 
the severity, and in some instances, ap- 
parently shortened the duration of the 
disease. It was necessary to administer 
doses of 500,000 to 1,000,000 units of 
penicillin before eliminating hemolytic 
streptococci from cultures of throat ma- 
terial for more than a short period. Clini- 
cal relapses following the administration 
of penicillin took place frequently and 
apparentl,\- were related to the reappear- 
ance of hemolytic streptococci in the 
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throat. In the treatment of tonsillitis, 
penicillin followed by snlfadiazinc appar- 
ently possessed no advantage over pen- 
icillin alone. 

In a study of the effect of sulfanilamide 
in the treatment of sore throat due to 
hemolytic streptococci, Rhoads and iUre- 
mow-^ made observations on 31 patients 
treated with sulfanilamide and 3G controls 
treated under similar conditions but with- 
out sulfanilamide. Tliey concluded that 
in the average uncomplicated case of 
tonsillitis or pharjmgitis due to hemolytic 
streptococci, the advisability of its routine 
use is questionable. In support of this 
point of view, Kernan,'^ Ricliards,*^ and 
Hughes^- ail question tiie oral use of sul- 
fonamide compounds in acute uncompli- 
cated diseases of the pharynx. Smith-® 
finds penicillin of definite value In the 
treatment of acute follicular tonsillitis. 
The clinical response was rapid and it was 
necessary to administer the drug for from 
5 to 7 days. In his series of cases admin- 
istering the drug by intramuscidar injec- 
tion gave an advantage over medication 
by mouth. Lierle and Pauh® gave oral 
penicillin to 36 cases of acute pharyngitis 
and acute tonsillitis. All but 6 showed 
noticeable improvement within 24 to 
48 hours. Six who failed to respond after 
48 hours were placed on sulfonamide ther- 
apy; the entire number improved imme- 
diately. 

A comparative study of untreated cases 
and cases treated with sulfathiazole and 
sulfadiazine is described by Clodfelter® 
who only selected severe cases of acute 
tonsillitis, the type frequently referred to 
as “ strep throats.” The 400 cases selected 
for study were chosen from over 3000 
cases of acute upper respiratory tract 
infections of such severity as to require 
hospitalization. Of 175 patients treated 
with large doses of sulfonamides, 41 ran 
a course similar to that of untreated pa- 
tients and were discharged the 5th or 6th 
daj'. A secondary rise in temperature oc- 
curred in 134 of the treated patients; 
most of these were discharged the 10th 
day, the average number of hospital days 


being 9.7. Clodfelter concludes that use 
of sulfonamides in severe cases of acute 
tonsillitis results in a prompt drop in 
temperature with some relief of symptoms. 
However, there is usually a secondary rise 
in temperature at the time untreated pa- 
tients are being discharged, after an aver- 
age of 5.3 days of hospitalization. Further, 
treated patients d'd not feel as well on 
the 10th day as untreated patients did on 
the 5th. Other findings strongly suggest 
that the use of sulfonamides in the treat- 
ment of acute “strep” tonsillitis is not 
only without benefit but is actually 
detrimental. 

In a study to evaluate the role of pen- 
icillin in the treatment of acute sore 
throat, DavisoiF observed 28 cases of acute 
sore throat. The dose of penicillin em- 
ployed was 20,000 units every 3 hours 
day and night by intramuscula • injection. 
No gargles, irrigations, analgesics or anti- 
pyretics were utilized. In all but 2 pa- 
tients the tonsils were present, and in all 
patients there was tonsillar exudate, 
edema and diffuse inflammation of the 
tonsils and pharyngeal wall. In the 2 
men who had had previous tonsillectomies, 
a diffuse follicular pharyngitis was found. 
The average total dose of penicillin in 
27 cases of acute sore throat was 360,000 , 
units over 54 hours. There was 1 relapse, 
in which recovery occurred without fur- 
ther penicillin. One case did not respond 
until sulfadiazine replaced penicillin as the 
treatment. No complications occurred, 
either during or after treatment. 

Numerous i-eports appearing in the 
medical and dental literature indicate 
that penicillin is an outstanding therapy 
for the treatment of Vincent’s fusospiro- 
chetal infeetion of the throat and mouth. 
Shallenberger®^ and his associates found 
that the local application of penicillin 
solution, 250 to 500 units per cc. of physi- 
ologic saline, administered 4 times daily 
was highly effective in Vincent’s angina. 
Negative smears were obtained in much 
shorter time than vdth sulfadiazine loz- 
enges or oxidizing agents such as silver 
nitrate or oxyphenarsine hydrochloride. 
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Hopp” treated 25 patients for Vincent’s 
angina with sodium penicillin in gelatin 
capsules, 10,000 units each, 1 being given 
every 2 hours for 10 doses. Cure was 
obtained in 24 hours. Similarly, 37 pa- 
tients were treated for acute follicular 
tonsillitis and cure wjis obtained in 3 to 
5 days. Schwartz^® found good response 
to intramuscular injections of penicillin 
in Vincent’s angina. Joseph^^ also re- 
ported excellent results with penicillin 
therapy in a series of patients with Vin- 
cent’s ulcers of the tonsils. Eighteen 
patients received 100,000 units of penicil- 
lin parenterally each day in the form of 
2 injections. In all 18 patients the lesions 
cleared completely within 7 days. Man- 
son and Craig'® advocate the treatment 
of Vincent’s angina with sulfathiazole. 
The treatment consists of medication with 
a 0.5 gra. sulfathiazole tablet, dissolved 
on the tongue, and given every 2 liours 
during the day and every 4 hours at night. 

While bismuth is now seldom employed 
in the treatment of Vincent’s angina, for 
a number of years various observers have 
advocated the parenteral use of bismuth 
preparations in the treatment of acute 
tonsillitis. Tlius, Monteiro®' advises in- 
jection of a bismuth compound for follicu- 
lar, parenchymatous and catarrhal types 
of tonsillitis, Lewis'® administers a bis- 
muth salicylate in oil preparation intra- 
muscularly, and Sto\'in®® recommends for 
acute tonsillitis the administration of the 
bismuth salt of hcptadicnccarbo.xylic acid 
in suppository form. 


That penicillin should be given together 
with antitoxin in all cases of severe 
pharyngeal or nasopharjmgeal diphtheria 
is concluded by Dodds^ from a comparison 
of results in 2 series of patients treated 
respectively with antitoxin alone and com- 
bined with penicillin. Penicillin dosage 
was usuall 3 ' 100,000 unts in 24 hours, 
given intramuscularly in divided doses. 
The author states that although penicillin 
therapy did not appear to affect the rate 
of clearance of the membrane, it did ap- 
parently reduce the incidence of compli- 
cations. In the 13 cases treated with the 
usual doses of antitoxin plus penicillin, 
9 cases escaped paralysis, while only 3 de- 
veloped clinical myocardial involvement. 
In the 14 cases treated ndth antitoxin 
alone, only 4 patients escaped paralysis 
while 9 developed clinical myocardial in- 
volvement. One death from early myo- 
cardial failure occurred in each group. 

In conclusion, it can be stated unequivo- 
cally that the sulfonamides and penicillin 
enjoy a prominent position in the ranks 
of throat medication. Their uses, how- 
ever, are limited b.y the development of 
allergic reactions, by the sensitiveness of 
patients to these drugs, by the acquisition 
of “sulfonamide-resistance” and “pen- 
icillin-resistance” states, and by their 
ability to mask symptoms. Their abuses, 
on the other hand, ai’e encouraged by 
jwomiscuity and by lack of intelligence in 
proscribing for patients with throat ail- 
ments. 
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Factors in the Control of Capillary and 
Venous Pressure Demonstrated by a 
Schema. H. C. Bazett, M.D. (Dept, of 
Physiol., Univ. of Penna.). A schema is 
demonstrated which has a circular flow of 
fluid. By a device originally described 
by ICrogh the stroke volume may be meas- 
ured. The pump is driven by water 
derived from a reservoir entering a vessel 
and compressing a rubber balloon. Con- 
trol is attained by solenoid vaWes operat- 
ed through cams driven by an electric 
clock motor. The pidse rate remains con- 
stant but can be altered by changing the 
cams. Similarly the ratio of sj^stole to 
the cycle may be varied as desired. Simu- 
lated arteriolar resistances consist of 8 
hypodermic needles arranged in parallel 
so that any number from 1 to 8 may be 
used. The arteriolar resistance is thus 
quantitatively known. Venous resistances 
' on the other side of the “capillary” can 
be regulated and their values may be cal- 
culated according to the rate of flow and 
observed pressure gradients. 

The simulated capillaries may be con- 
nected at will with fluid reservoirs intend- 
ed to simulate tissue fluid. When so con- 
nected fluid enters the va.scular bed from 
these reservoirs, if the capillary pressure 
is below that of the reservoir, and leaA-es 
(he vascular bed for the reservoir, when 
the reverse relationship holds. 

It can be shomi that capillary pressure 
cannot be maintained constant when 
arteriolar resistance is altered, unless ven- 
ous resistance is also altered in such a way 
as to maintain a constant ratio of arterio- 
lar and venous resistances. The actual 
level of venous pressure attained during 
flow depends on the basic pressure to 
which the whole system is filled (direct), 
the total resistance in the circuit (inverse), 


and the rate of flow (inverse.) Fluid inter- 
change can modify the basic filling pres- 
sure during flow. 


Histologic Changes Produced by 2,4- 
Dimethyl - 3 - hydroxy - 5 -hydroxymethyl - 
pyridine, an Analogue of Pyridoxine, 
Charles W. Mushett, Ph.D., Robert 
B. Stebbins and jMart N. Barton 
(Merck Institute for Therapeutic Re- 
search, Rahway, N. J.). The administra- 
tion of 2,4-dimethyI-3-hydroxy-5-hydroxy- 
methylpyridine (desoxypyridoxine) to a 
variety of laboratory animals, including 
the chick, has resulted in atrophy and de- 
generation in the hematopoietic organs, 
particularly in those of the lymphoid ser- 
ies. These changes, as a rule, were re- 
flected in the peripheral blood picture. 
Atrophy in the spleen was accompanied 
by an apparent increase in the reticular 
and trabecular elements. In the thymus 
Hassall’s corpuscles, as well as the lym- 
phoid tissue, were involved. Further 
e.xperimentation is indicated before a state- 
ment can be made regarding the potential 
H.sefulness of this compound in tlie treat- 
ment of tumors of the lymphoid system. 
Examination of the adrenal glands of 
treated animals revealed a decrease in 
Sudauophilic material, even when these 
glands were larger than normal. Desoxy- 
pyridoxine exaggerated certain deficiency 
symptoms in puppies on a pyridoxinc-free 
diet, but caused a delay in the appearance' 
of other symptoms. Hyperirritability and 
convulsions, similar to those obsorverl in 
pyridoxine deficient animals, could be 
elicited by a single large dose of the vita- 
min analogue. 

Electromyographic Studies of Human 
Poliomyelitis. Robert Hodes, Ph.D. 
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(Johnson Foundation and Dept, of Physi- 
cal Medicine, Univ. of Penna.). Fourteen 
patients, 7 to Ifi years of age, were exam- 
ined electromyographically. Onset of 
acute poliomyelitis had occurred 4.5 to 
11.5 years pre\nously. 

The electromyogr.aphic technique con- 
sisted of stimulating percutaneousiy the 
nerves supplying the muscles of the fore- 
arm, hand, leg and foot, and recording 
the maximal muscle potentials with sur- 
face electrodes. The muscle potentials 
were amplified by a 3-stage, condenser- 
coupled amplifier and photographed on 
moving bromide paper from a 5 inch 
cathode ray tube. 

The response of the muscles of polio- 
myelitis patients to brief repetitive nerve 
stimulation is abnormal. The potential 
evoked by the first of a train of stimuli is 
greater in amplitude and duration than 
any of the succeeding spikes produced by 
identical stimuli to the motor nerve. Such 
an abnormal electromyogram results from 
failure of some muscle fibers to respond 
during the course of tetanic excitation. 
Single motor unit studies show that some 
of the component muscle fibers of the unit 
may fail. In addition, entire motor units 
may drop out of action during repetitive 
nerve action. 

The failure of some muscle fibers to 
respond is due, at least in part, to an 
abnormality at the neuromyal junction 
which results from the disease process. 
The possibilities of impaired nerve and 
muscle function are not excluded. 

Prostigmine (1 to 1.5 mg. intramuscu- 
larly) restores the electromyogram towards 
normal (6 patients). The effects of this 
drug should be studied in a larger series 
of patients for its possible therapeutic use 
as a partial restorative of muscle power 
and as a deterrent to fatigue. 

Our e.xperiments demonstrate the exist- 
ence of peripheral defects in poliomyelitis 


and require that current concepts of it.s 
pathology be broadened to include liot only 
the central nervous system but also those 
peripheral structures whose activity bring 
about muscular contraction. 


A Study of the Factors Controlling the 
Differentiation of Mauthner’s Cell in 
Amblystoma. Jean Piatt, Ph.D. (Dept, 
of Anatomy, Univ. of Penna.). Mauth- 
ner’s cell in amblystoma occurs at the 
level of the eighth nerve roots and is in 
close anatomic and functional relationship 
with these roots, also the seventh and 
tenth lateral-line roots. The consistent 
association between this giant neuron and 
the vestiiAilar and lateral-line roots sug- 
gests the possibility that this relationship 
may be one of cause and effect, i. c., 
Mauthner’s cell may differentiate under 
the influence of the eighth or lateral-line 
nerve roots. A greatly varied series of 
experiments w.as carried out on ambly- 
stoma punctatum embryos to test this 
thesis. 

Mauthner’s cell failed to differentiate 
in about one-third of those cases in which 
the eighth roots w'ere prevented from 
developing. A supernumerary Mauth- 
ner’s cell developed in a few cases in which 
e.xperimentall.v induced ectopic seventh, 
tenth lateral-line and eighth roots entered 
the brain at heterotopic levels, more fre- 
quently in association with the eighth. 
Neither consistent nor positive results 
accrued in many cases but the data, on 
the whole, indicate that the differentiation 
of Mauthner’s cell is influenced to some 
e.xtent by the presence of eighth, chiefly, 
and perhaps also seventh and tenth lateral- 
line nerve roots. A total of 212 e.xperinien- 
tal animals was indi\'idually studied and 
form the basis for these tentative con- 
clusions. 
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Electkocardioghaphy in Practice. 
Ashton Graybiel, M.D., Cart,, MC, 
USNR, Co-ordinator of Research, U. S. 
Naval School of Aviation Medicine, Pen- 
sacola, Fla.; and Pave D. White, M.D., 
Lecturer in Medicine, Harvard IMedical 
Scliool, PhJ^?ician, Massachusetts General 
Hospital. 2nd ed. Pp. 458; 323 ills. 
Philadelphia and London: W. B. Saun- 
ders, 1946. Price, $7.00. 

The authors state that this edition was 
made necessary primarib'' because of recent 
advances in the science of chnical electro- 
cardiography. Much material on precordial 
leads has been added. The general format 
and style have not been altered. The 
method of presentation used throughout the 
book is to introduce each subject with a brief 
discussion of pertinent electrocardiographic 
characteristics and then demonstrate them 
by means of case reports. In these the inter- 
\n-etation of the electrocardiogram is dis- 
cussed prior to the ] 3 resentation of clinical 
data. The last step is correlation of the 2. 
The book offers an excellent introduction to 
electrocardiography because the authors 
know their subject, the discussion is simple, 
jjoints of controvers}' are clearly stated, and 
the field of clinical electrocardiographj' is 
well covered. C. W. 

Renae Hypertension. By Eduarbo 
Braun-Menendez, Juan Careos Fasci- 
oLo, Luis F. Leloir, Juan M. Munoz 
and Alberto C. Taquini, Institute of 
Physiology, Facult}' of Medical Sciences 
and Institute of Cardiology, V. F. Grego 
Foundation, Buenos Aires, Argentina. 
Translated by Lewis Dexter. Pp. 441; 
93 ills. Springfield, 111.: C. C Thomas, 
1946. Price, $6.75. 

The authors’ intention is to present a 
comjilete and balanced review of the renal 
aspects of hypertension, experimental and 
clinical. Their own contributions to knowl- 
edge of ex]ierimental hypertension more than 
justify the inclusion of a preponderance of 
their own data. However, nothing can 
justify evident emotional bias in their discus- 
sions of other investications and invc.«tiga- 
tors. 

The .short .section on clinical hj'pertonsion 


is obviousb’ second-hand and carries none 
of the conviction of the experimental. It is 
therefore not recommended to clinicians. 
On the other hand, the book will be useful 
to investigators, even though it is a dis- 
appointment to those Avho had hoped for a 
balanced treatment of this important sub- 
ject. The Reviewer still thinks that this 
excellent group of investigators is capable of 
giving one. The Bibliograph}'^ is thorough. 
The publisher has shown his usual attention 
to the niceties of bookmaking. I. P. 


Recent Advances in Endocrinology. By 
A. T. Cameron, M.D., M.A. Pp. 415; 
76 ills. Philadelphia: Blakiston, 1946. 
Price, $5.00. 

The various endocrine glands of the body 
are considered in the light of chemistry, 
physiolog}", pathology and clinical manife.s- 
tations and treatment of endocrine dis- 
turbances. Much emphasis is placed on 
therapy. Pathologic aspects are short and 
sometimes incomplete. Clinical manifesta- 
tions of alterations in the pituitary, thyroid, 
parathyroid, adrenals, islets of Langerhans, 
and reproductive glands are given thorough 
consideration. Thei'e is a separate short 
discussion of gastro-intestinal hormones, 
pineal gland, rennin and antihormones. The 
book is especially valuable to the clinician 
because of its lengthy diagnostic and thera- 
peutic aspects. I. Z. 

General Biology. Bj'^ William C. Beaver, 
Professor of Biologj^, Wittenberg College, 
Springfield, Ohio. 3rd ed. Pp.‘ 820; 325 
ills. St. Louis: C. V. IMosbv, 1946. Price, 
$4.75. 

The text material is presented in 4 parts. 
Part I deals with protoplasm and the general 
morphology and physiology' of plant and 
animal cells. Part II includes a survey of 
the animal kingdom and the phy.ciologj' of 
the organ systems of man from a phylo- 
genetic approach. A similar procedure is 
followed for the plant kingdom in Part III. 
Part IV' discusses the interdependence of 
li^■ing organisms, ecology', p.aleontology, 
heredity, evolution and biochemical and 
biophysical phenomena, with discussions of 
biology in relation to medicine, economics 
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and so on, and a very brief review of the 
histor)' of biology. A 5th section includes 
a list of combining forms and a glossary. 
The book is well indexed. 

The phylogenetic arrangement of the 
physiologj' of the organ sj’stems leads to 
repetition and the details of the text tend 
to conceal the general ideas and concepts 
of biologj*^ which the non-specializing student 
should carry awaj’’ from a general course. 

After reading this text through, one gets 
the impression of having gleaned a smatter- 
ing of facts about all fields of biology but 
no real understanding of any. M. McC. 


Medical Education and the Changing 
Ohder. By Eayxiond B. Allen, Execu- 
tive Dean, Colleges of Dentistry, Medi- 
cine and Pharmacy, University of Illinois. 
Pp. 142. New York: Commonwealth 
Fund, 1946. Price, SJ.50. 

Preparation of this monograph was 
assigned to the author by the Committee 
on Medicine and the Changing Order of the 
New York Academy of Medicine. It is a dis- 
cussion of medical education in America, 
and especially of the changes to be desired 
in the light of contemporary social progress. 
The author advocates a pre-medical educa- 
tion which offers opportunities for adequate 
preparation in the biologic and physical 
sciences, but avoids the dangers of too great 
concentration in pure science in order to 
allow sufficient time for studies in social 
science and the humanities. In the Medical 
School, he advocates lifting medical educa- 
tion above the level of mere training in the 
technology of medical practice. He desires 
more and better training in logical thinking, 
and in deductive and inductive reasoning. 
He would increase the emphasis given to 
the relation between the practice of medicine 


and community needs. He seeks to make the 
internsliip an experience in the practice of 
preventive as well as of curative medicine, 
and to include in it famili’- medicine as well 
as hospital and out-patient department 
medicine. He would organize residency and 
fellowship programs to place the responsibil- 
ity for the student’s progress and achieve- 
ment squarelj' on the student himself. He 
is an advocate of increasing the programs 
of postgraduate teaching in the light of 
experience with the courses for returning 
veterans. 

The program envisioned is an attractive 
one. It is not, of course, original with the 
author, but seems an able statement of the 
present trends in American medical educa- 
tion. Let us hope his wishes can be realized. 

I. S. 


E.VVIROAMimVTAL WaMITH .A.YD JtS MeAS- 
UBEiiENT. A Book of Reference Prepared 
for the Ro3'al Naval Personnel Research 
Committee of the Medical Research Coun- 
cil. By T. Bedford. D.Sc., Ph.D.. M.I.- 
Min.E., Habitabilitj’ Sub-Committee, the 
Royal Naval Personoel Research Com- 
mittee. With a Preface by Surgeon Vice- 
Admiral Sir Sheldon Dudley, K.C.B., 
O.B.E., M.D., F.R.C.P., F.R.S., K.H.P. 
Pp- 40; 10 ills. London: His Majesty’s 
Stationer}' Office, 1946. Price, 70 cents. 
This war manual was prepared for the 
information of Ships’ Surgeons of the Royal 
Navy, but should be of interest to the spe- 
cialist in the field. Citation of chapter head- 
ings suffices to indicate the ground covered: 
body-heat production and heat-loss; instru- 
mental measurements; effective temperature 
and corrected effective temperature; pro- 
cedure in making tests; ventilation reports; 
work at extreme temperatures. W. S. 
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STUDIES IN THE ORAL ADMINISTRATION OF PEIHCILLIN 

I. Assays of Various Preparations and’ the Determination of the 
Effective Therapeutic Dose* 
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Italo P. Volini, M.D. 

CHICAGO, ILLINOIS 

(From the Hektoen Institute for Medical Research of the Cook- County Hospital and the Departments 
of Medicine of the Cook County Hospital and the Loyola Medical School) 


Assay of Oral Penicillin. It is now 
well established that the oral administra- 
tion of penicillin can produce therapeutic 
plasma penicillin levels in spite of the fact 
that a portion of the penicillin is destroy- 
ed when in contact with gastric acid. 
Even before the Committee on Chemo 
therapeutic and Other Agents of the 
National Research Council had sanctioned 
the oral use of penicillin,’'*^ a number of 
clinical reports of the therapeutic value 
of this dosage form had appeared.^'^-*® 
Gonorrhea and pneumococcic pneumonia 
have been shown to respond as readily 
to penicillin given orally as to that paren- 
terally injected, and isolated examples of 
infection by other organisms sensitive to 
penicillin have been reported successfully 
treated by this procedure. 

However, there are some poorly under- 
stood features of the problem of penicillin 
medication by mouth. The general prac- 
titioner has been given tlie impression 
either by direct statement or by implica- 
tion that oral penicillin is worth wliile 
chiefly as an adjuvant for ]>arenteral pen- 
icillin after the temperature has subsided 


or for mild cases of infection and that it 
should not be used for any severe infec- 
tion. He has also been led to believe that 
if penicillin by mouth is used under such 
circumscribed conditions the determina- 
tion of the most effective dosage is not too 
important and that there need not be any 
concern oi^er plasma penicillin levels or 
over the relation of the latter to penicillin 
sensiti^^ty of the bacterium involved. 

One important basis for this confused 
therapeutic reasoning has been that penic- 
illin is -inordinately e.xpensive and that 
the quantities available for general dis- 
tribution are limited and likely to remain 
so. Thus, although penicillin is no more 
harmful in large doses than in smaller 
ones, the therapeutic approach has been 
paradoxically to determine not the opti- 
mal but the minimal effective dose. Ob\’i- 
ously, if price or limitations of supply 
were not involved, such an attitude would 
be recognized as therapeutically unsound. 
The consequences of such a point of view 
have been to tend to discredit oral penic- 
illin and to reduce it almost to the cate- 
gory of a tonic. 


* .-vidod by a crant from the Commercial Solvents Corporation. Terro Haute. Indiana. 
VOL. 213, NO. S— M.\T. 1P47 
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The present investigation, begun before 
oral penicillin was made generally avail- 
able, was undertaken with the purpose of 
determining, if possible, the ultimate 
potentialities and the limitations of this 
therapeutic method. The hope was to 
achieve in oral penicillin a dosage form 
as adequate and as effective as that of 
parenterally injected penicillin, without 
the annoyance and pain and technical 
limitations of the latter. The present 
report deals -with the assay of a number 
of oral preparations in order to determine 
an effective dosage. In the succeeding 
papers reports are made of the therapeutic 
results based on this dosage. 

Method, Estimations of plasma penicillin 
concentration were made B. svhlilis serial 
dilution method of Randall, Price and 
IVelch" as modified by Hickey.* In this 
modification, the multiple pipettings were 
made with a sterile pipetting machine and 
the inoculum used was a nutrient broth 
dilution '(1.5 cc. to 100 cc.) of an 18 hour 
nutrient broth culture of B. subtilis (NNRL- 
B-558). The latter were prepared daily 
from stock agar slants by incubation on a 
shaking machine at 30° C. Serial dilutions 
of a standard penicillin solution (1 unit 
per cc. in a phosphate buffer at pH 6) usu- 
ally produced 6 tubes with no growth. Thus 
an unknown serum similarly diluted and 
also producing 6 clear tubes would contain 
1 unit per cc. The lower limit of penicillin 
concentration that could be estimated with 
such a standard was 0.031 unit per cc. 
OccasionaOy the standard showed 7 clear 
tubes which allowed measurements to 
0.016 unit per cc. To insure greater accu- 
racy of measurement 3 standard series were 
prepared for each day of assays. The 
results were discarded if the standards did 
not give consistent measurements. Blood 
was dravm for peniciUin levels under aseptic 
conditions and transferred to tubes contain- 
ing 0.02 gm. sodium citrate. The plasma 
was separated and used for the analyses. 
Serum was found to give the same values' 
but its separation under sterile conditions 
proved inconvenient. 

It has been alleged that B. subtilis has 
doubtful value as an organism for estima- 
tion of plasma penicillin level because 


many blood specimens contain inhibitors 
of this bacterium even when penicillin is 
not present.* To test this statement, 
control blood samples were taken for 
penicillin estimation before penicillin was 
administered in 40 assays. In addition, 
blood specimens from 80 hospital patients 
not on penicillin or sulfonamide therapy 
were analyzed for penicillin. In the total 
of 120 plasma specimens, only 1 showed a 
level equivalent to 0.03 unit; the rest gave 
zero levels. These findings, supplemented 
bj" the many zero levels in the hundreds 
of assays made during the studies, have 
convinced us that at least with our use 
of the method and possibly because of the 
employment of citrated plasma, there is 
little danger of finding positive penicillin 
levels in plasma specimens that do not 
contain penicillin. 

The subjects used for assay of the vari- 
ous oral preparations of penicillin were 
so-called hospital controls, that is, those 
patients who were not acutely ill and who 
were believed not to have any circulatory 
or renal disturbances. They were, for 
the most part, young or middle-aged per- 
sons recuperating from hern’orrhaphy or 
convalescing from some acute illness such 
as fracture, burn, or traumatic wound. 
After preliminary experiments had con- 
firmed the now well-established fact that 
plasma penicillin levels were lower when 
penicillin was given after a meal tha,n on 
an empty stomach, the routine established 
foi* assays was to give single doses of 
penicillin at 9 a.m , some 2 hours after 
breakfast. ‘ Blood samples were dra^ at 
varying intervals after the dose without 
regard to the noon meal. ViTien a priming 
dose was to be given first, this was admin- 
istered at 8 A.M., and the second dose at 
9 A.M., the time being counted from the 
second dose. 

The oral preparations utilized in these 
studies were with 1 exception, especially 
prepared for us. Control studies were 
made with capsules containing crude cal- 
cium penicillin of about 700 units per mg. 
potency. These were put up in hard gela- 
tin capsules and contained no buffer or 
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other diluent. These were called Cap- 
sules C. They were of several sizes; 
25,000, 33,000 and 100,000 units per cap- 
sule. Capsules R.B. contained 25,000 
units of the same crude calcium penicillin 
buffered with pectin hydrolysate. Cap- 
sules No. 10 contained 100,000 units of 
crystalline potassium penicillin, each con- 
taining 100,000 units. A variety of tab- 
lets were studied, most of which contained 
as the chief protecting agent a high melt- 
ing fat. Some of these were discarded 
after only a few experiments. The tablets 
containing citrate were a marketed prepa- 
ration. A brief description of those cap- 
sules and tablets on which extensive assays 
have been made is given in Table 1. 


cc. However, they, as well as all other 
investigators in this field, are aware of 
the fact that many so-called sensitive 
organisms are not inhibited except by 
much liigher concentrations than 0.03 unit 
per cc. Under any circumstance it is 
dangerous to translate directly such in 
vitro findings to in vivo conditions. Plasma 
penicillin levels should certainly be at 
least as high as that required for in vitro 
inhibition. They should probably be 
much higher if only to give assurance 
that all body fluids likely to contain the 
invading organism continuously have an 
effective penicillin concentration. Such 
an idea receives confirmation from the 
now well-established empii'ical finding 


Tabi.e 1.— Description oe Penicii.i.in Capsules and Tablets Investigated 


Nnmc 

Type of peiiicitlin 

Diluent or buffer 

Units per capsule 
or tablet 

Capsules C 

Crude calcium, 700 units 

None 

25.000; 33,000; 

per mg. 


100,000 

Capsules R. B. 

Crude calcium, 700 units 

Poctiti hydrolyisatc 

25,000 

Capsules No. 10 

per mg. 

Crystalline potassium. 

None 

100,000 

Capsules No. H 

1510 units per mg. 
Crystalline ammonium. 

None 

100,000 

Capsules No. 20 

1500 units per mg. 
Crystalline potassium 

Basic alum, acetate 

25,000 

Tablets No. IS 

Crystalline potassium 

Hydrogenated fat; soaps; starch 

50,000; 100,000 

Tablets No. 24 

Crystalline potassium 

Hydrogenated fat; soaps; mg. 

100.000 

Tablets No. 35 

Crystalline potassium 

stearate 

Sodium benzoate 

50,000 

T.ablcts No. 3S 

Crystalline pota.ssium 

Sodium sulfanilate 

50,000 


Ass.ws OP Various Oral Prepara- 
tions. Criteria for Effective Plasma Pen- 
icillin Levels. There has been no agree- 
ment as to what plasma penicillin concen- 
tration should be achieved to assure 
therapeutic effectiveness. The difficulty 
in estimating this concentration arises 
on the one hand from the variability in 
sensitivity to penicillin of the different 
organisms and the various strains of the 
same organism, and on the other hand 
from the rapidly changing plasma pen- 
icillin levels produced by the administra- 
tion of penicillin. Pindland and his 
colleagues* have shown that most organ- 
ism.s sensitive to penicillin, especially gono- 
cocci and pneumococci, are inhibited in 
concentrations of less than 0.0.3 unit per 


that doses of 20,000 units of penicillin 
intramuscularly every 3 hours are effec- 
tive in most acute infections responsive 
to penicillin. Such injections have been 
found by us® to give plasma levels, as 
determined by the B. siibtilis method of 
assay, of 0.5 unit per cc. at -i hour, 0.06 
at 2^ hours and 0.03 at 3 hours. It 
appears from these considerations that 
the desirable plasma penicillin levels 
should be at least 0.03 unit per cc. at 
any time and higher than 0.06 most of the 
time. These criteria have been used as 
a guide in the determination of the re- 
quired dosage of oral penicillin. 

Dosage, of 25,000 Units. Plasma penic- 
illin levels determined after single or even 
repeated doses of 25,000 units proved dis- 
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appointing. Rarely were levels encoun- 
tered higher than 0.03 unit per cc. Most 
frequently no perceptible levels were ob- 
tained. There were so many zero' levels 
and there was so little differenee between 
the various preparations, that it was use- 
less to tabulate the results. 


the least being obtained with the tablets 
buffered with sodiutn citrate. The levels 
in the third interval tended to be higher, 
but for the most part they ranged betv'een 
0.03 and 0.06 unit per cc., with an occa- 
sional 0.125 and a rare 0.25 unit per cc. 
The citrated tablets gave a higher average. 


Table 2. — Frequency Distribution of Plasma Penicillin Levels After First and Third 
( Dose of- 50,000 Units of Penicillin Given Orally Every 2 Hours for 3 Doses 

Plasma pcniciUm concentration 






funits per cc.) 












Arithraetica 

Type of medication 

Interval 

Hour 

b(<0.03) 

0.031 

0,062 

0.125 

0.25 

mean 

Capsules C 

First 


10 

3 

1 



0.011 



2 

9 

3 

2 



0.015 


Third 


6 

4 

3 

1 


0.028 



2 

6 

7 

1 



0.019 

Capsules R.B. * 

First 

1 

9 

3 

1 



0.012 



2 

8 

5 




0.012 


Third 

! 

4 

8 




0.024 



O 

6 

G 

I 


. , 

0.019 

Capsules No 23 

First 

5 

o 

4 

3 • 



0.025 



2 

7 

3 

2 



0.016 


Third 

} 

2 

C 

3 

1 


0.038 



2 

3 

C 

3 


.. • 

0.030 

Crystalline potassium penicillin 

First 

5 

8 

2 

2 



0.015 

in water 


2 

3 

6 

1 



0.020 


Third 

i 


5 

5 

2 


0.053 



2 

2 

8 

I 

1 


0.033 

Tablets No. 18 

First 

s 

7 

6 

1 



0.017 



2 

3 

6 

3 



0.026 


Third 

1 

2 

7 

4 

I 


0.039 



2 

1 

7 

4 

2 


0.047 

Tablets No. 35 

First 


3 

7 

1 

I 


0.030 



2 

6 

4 


2 


0.025 


Third 

! 

I 

6 

4 



0.045 



2 

1 

6 

4 

1 


0.043 

Tablets No. 38 

First 

5 

9 

3 

6 

2 

1 

0.045 



2 

9 

S 

3 



0.022 


Third 

! 

3 

6 

9 

2 


0.050 



2 

7 

8 

3 

2 


0.034 

Tablet with sodium citrate 

First 

1 

2 

6 

3 

I 


0.038 

(commercial) 


2 

1 

2 

7 

2 


0.055 


Third 

} 

! 

2 

6 

3 


0.058 



2 

1 

3 

6 

2 


0.053 


Dosage of 50,000 Units. On the possi- 
bility that 50,000 units of penicillin e%'ery 
2 hoiu^ might be a satisfactory oral dosage 
of penicillin, 8 different preparations were 
assayed as follows: 50,000 units were 
given to hospital control subjects every 
2 hours for 3 doses, and blood was drawn 
at f and 2 hours after the first and after 
the third dose. A total of 109 assays 
invohdng 436 plasma penicillin level de- 
terminations were carried out. The results 
are summarized in Table 2. There were 
a large number of zero levels, particularly 
in the first interval for all the preparations. 


chiefly because they produced fewer zero 
levels. In general the data indicated that 
while it was possible to attain therapeutic 
penicillin levels with doses of 50,000 units 
given every 2 hours, there were still too 
many zero levels and too few 0.125 or 
higher levels to make this dosage as reli- 
able for use in severe infections as that of 
20,000 units parenterally every 3 hours. 
The data also indicated that, with the 
exception of the lowered tendency to zero 
levels shown by the citrated preparations, 
there was no great difference in the 
various preparations. 
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That the prevailing plasma levels were 
higher in the third interval than in the 
first was undoubtedly due to the “prim- 
ing” effect of the first 2 doses. Penicillin 
with the first doses was distributed to 
all the body fluids leaving a residual con- 
centration at the end of each interval 
which, though not necessarily high enough 
to be measurable, allowed the attainment 
of a higher level with the succeeding doses. 
In the parenteral administration of penic- 
illin there is little use for this priming 
effect, for the plasma levels immediately 
after the injection are so high as to be 
' little affected by residual penicillin con- 
centrations from the previous dose. But 
with orally administered penicillin where 
the absorption is slow and where the early 
plasma concentrations .are not so great 


units at 9 a.m., blood being drawn at 
intervals after the 9 a-M. dose. The 
plasma levels obtained were found to be 
of the same order as those in the therapeu- 
tic studies to be reported. 

Table 3 shows the frequency distribution 
of plasma penicillin levels with one of 
the preparations studied, crystalline po- 
tassium penicillin in gelatin capsules (Cap- 
sules No. 10). The levels were determined 
for 5 liour periods after the 9 a.m. dose 
of 100,000 units, but in any single assay 
no more than 4 determinations were car- 
ried out. However, by the use of. a large 
number of assays with penicillin deter- 
minations made at varying intervals, it 
was possible to cover each § hour period 
up to 5| hours. From Table 3 it can be 
seen that there was a marked \"ariability 


Table 3.— DiSTiuBOTioa of Plasma Penicillin Levels Afteb Administration of Penicillin 
Capsules No. 10 in a Dose of 200,000 Units Followed in 
1 Hour bv 100,000 Units in 52 Subjects 


Hours niter administrntion of 100,000 units 


Wpifililrtl 

Units 






. 



— - 



— 

vniiic 

(ppr cc.) 


1 

li 

2 

2| 

3 

31 

4 

45 

5 

•')) 

0 

. , 0.5 

1 

3 




1 






.I . 

. . 0.2,' 

4 

4 

4 

4 


4 






4 . 

. . 0.125 

7 

0 

4 

2 

3 

4 


2 

3 



.3 . 

. . 0.002 


1 

3 

3 

4 

3 

3 

4 

2 

2 

1 

2 . 

. . 0,03 

2 

2 

1 

4 

4 

8 

0 

2 

4 

o 


1 . 

. . 0 

. . 

. . . 


, , 

1 

3 

3 

0 

S 

12 

12 

.Vvernce 


0 174 

0.211 

0.143 

0.120 

0.0C3 

0.100 

0.031 

0.034 

0.0,37 

0.020 

0.005 

Modp . 


0.125 

0.125 

0.125 

7 

0.00 

0.03 

0.03 

0.0 

0.0 

0.03 

0 

Mcdinn 


0. 125 

0.125 

0.125 

0.00 

0.00 

0.00 

0.03 

0.03 

0.03 



WeiRhted iivoriiKP 

0.138 

0.103 

0.122 

0.087 

0.050 

0.057 

0.04 

0.03 

0.03 

0.018 

0.012 


as those obtained with parenteral injec- 
tions, tlie priming effect of the previous 
doses becomes an important factor in 
helping achieve therapeutic concentra- 
tions, iis in the oral administration of 
sulfa compounds. This finding was made 
use of in the esttibli.'ihment of the thera- 
peutic regimens. 

Dosage of 100,000 Units, Preliminary 
experiments with oral doses of 100,000 
units of penicillin demonstrated that a 
siitisfactory ninge of plasma levels could 
he achieved. For the purpose of simulat- 
ing in single assays the conditions obtain- 
ing when doses of 100,000 units were used 
in actual therapy after a larger priming 
dose of 200,000 units, a series of compara- 
live assays of the various oral preparations 
was made in which 200.000 units were 
adniinistereil at S followed by 100,000 


in the plasma levels at any period, much 
greater than that found after parenteral 
injections of penicillin. Several types of 
averages were determined for each period : 
mode, median, arithmetical mean and 
“weighted average.” The last, a form 
of tlie geometric mean, was obtained by 
giving a linear iveighting^l for values less 
than 0.03, 2 for 0.03, etc. — for each of 
the geometrically progressing plasma pen- 
icillin levels, determining the arithmetical 
mean of these values, and transposing 
back into units per cc. The conclusions 
that can be drawn from the data are the 
same wliichever form of average is utilized, 
but since the weighted average appears to 
give the smoothest curves, it has been 
u.sed in the comparisons of the various 
preparations. 

During the 1st hour, the range of pen- 
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icillin levels after the administration of 
capsules of potassium penicillin was from 
0.5 to 0.03 unit per cc. The modal and 
median values were 0.125 unit per cc. and 
the arithmetical and geometrical mean 
were both between 0.125 and 0.25 unit 
per cc. The peak mean value appeared 
in this series to be at 1 hour, but it might 
be that the difference between the values 
at 1 hour and those at f hour was not 
signifieant. There were no zero values 
during the first 2 hours. At 3 hours a 
considerable number of zero units per cc. 
concentrations began to appear, and at 
4 hours it became the prevailing concen- 
tration. Yet, even at 5 hours, 7 out of 
19 determinations were 0.03 unit per cc. 
or higher. The averages obtained over 
the 5 hour period indicate that though 


tected with a high melting fat. However, 
several types of tablets, 1 of which. Tablet 
No. 24, is shown in Table 4, apparently 
disintegrated too slowly to give as high 
levels as the other preparations. A slight 
distinction between the various prepara- 
tions seemed to be present at the 4| and 
5 hour period. At this stage only Capsules 
No. 10, Tablets No. 18 and probably pen- 
icillin tablets containing citrate appeared 
to produce any significant plasma penicil- 
lin levels, usually 0.03 unit per cc. On 
the w'hole, the data imply that almost any 
form of penicillin, if given in doses of 
100,000 units after a priming dose, will 
produce good plasma levels persisting in 
the therapeutic range for 3 or more hours. 
If this dose were used every 3 hours, a 
residual plasma (and body fluid) concen- 


Table 4. — CoMPABisoN OF AVERAGE Vaeues FOR Peabma Penicjlein Levees After Administratios 
OP 200,000 Units Foleomed in 1 Hour by 100,000 Units for 
Various TiiPes of Capsvees and Tablets 

Hours after ndnunistration of 100,000 units 


No 





— 

itubjects 

Preparation 

I 

1 

li 


49 

Tablets No 18 

0 ISO 

0 163 

0 119 

0 

52 

Capsules No 10 

0 m 

0 163 

0 119 

0 

29 

Capsules No 1 1 

0 213 

0 106 

0 no 

0 

19 

Tablets No 24 

0 031 

0 062 


0 

35 

Capsules R B 

0 275 

0 125 

0 150 

0 

35 

Capsules A control 
Tablets iMth eodium 

0 163 

0 138 

0 110 

0 

25 


0 210 


0 


citrate (commer- 
ciai) 


2 


25 


3 


35 


4 


45 


5 

55 

119 

0 

059 

0 

062 

0 

044 

0 

034 

0 

034 

0 

025 

0 

088 

0 

056 

0 

059 

0 

039 

0 

031 

0 

031 

0 

18 

0 012 

073 

0 

056 

0 

046 

0 

046 

0 

031 

0 

016 

0 

006 

0 

034 



0 

034 



0 

016 



0 

016 

0 

125 



0 

100 



0 

039 

0 

016 

0 

012 

073 



0 

049 

0 

028 

0 

034 

0 

003 

0 

006 

0 

119 







0 

043 





0 007 


the initial levels were not usually as high 
as those obtained with single parenteral 
injections of 20,000 units, nevertheless 
good therapeutic levels were maintained 
for at least 3 and possibly for 4 hours. 

A comparison of 8 different preparations 
in assays made after a priming dose of 
200,000 units followed in 1 hour with a 
dose of 100,000 units as shown in Table 4. 
The weighted average as determined above 
was used as the basis for comparison. 
The most striking feature of these data 
was that there was on the whole very 
little difference in the levels achieved, no 
matter what preparation was used. Crude 
penicillin alone in capsules produced 
almost the same values as did crude pen- 
icillin protected with pectin. Pure potas- 
sium penicillin gave levels not greatly 
different from potassium penicillin pro- 


tration would tend progressively to raise 
the plasma level with each dose. 

Larger Doses. In isolated experiments, 
single doses from 200,000 to 360,000 units 
of varying preparations have been used for 
assaj’s, blood specimens being taken up 
to 6 hours after the dose. In most of these 
the levels achieved in the 1st hours were 
not greatly different from those for 100,000 
with a 200,000 unit priming dose. Ho%v- 
ever, there was a greater tendencj’ for 
prolongation of penicillin levels to 6 hours. 
In another group of experiments, Tablets 
No. 18 were given in doses of 200,000 units 
every 8 hours for 3 doses and blood levels 
taken after the last dose. The results are 
shown in Table 5- It can be seen that the 
levels were not much higher in the 1st 
hour than those found after administra- 
tion of a priming dose of 200,000 units 
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followed in 1 hour by 100,000 units. How- 
ever, the significant finding was that 
appreciable levels were usually present at 
6 hours after the last dose and not infre- 
quently after 8 hours. These results would 
seem to indicate that there would be little 
harm in giving a double dosage before bed- 
time and allowng the patient to go 
through the night without being awakened 
for further penicillin medication. 


achieved, ijut there were too many zero 
levels and too few levels higher than 
0.06 unit per cc. to make the dosage a 
reliable substitute for parenteral therapy. 

Doses of 100,000 units, when preceded 
by a primary dose of 200,000 units 1 
hour earlier, gave levels averaging higher 
than 0.125 unit per cc. for the first 2 hours 
and about 0.06 unit for the next 2 hours. 
Such levels were comparable with those 


TABLn 5 .— Plasma Penicilun Levels After Abministbation of Tablets No. 18 in Doses of 

200,000 Units Every 8 Hours for 3 Doses 
Hours after third dose (tmits per cc.) 


Subject 

1 

2 

3 

4 

5 

r. 

7 

8 

So. 


0.25 


0.125 


0 125 


0 06 

Ba. 


0.25 


0 125 


0 125 


0 

Mcl. 


0.5 


0 25 


0 125 


0 03 

HI. 


0 5 




0 25 


0 06 

Hi. 


0.26 


0 06 


0 06 


0 

Ro. 

« t • 

0.03 




0 06 


0.03 

Jo. 

. 0 06 


0 06 



0 125 


O.OG 

Be 

0 03 

. . 




0 03 


0.03 

R-e. 

. 


0.25 



0 06 


0 

Fr. 

. 

0.126 




0 03 

, . 

0 

Co. . 

• » » • 

0 25 

* , 



0 06 

, , 

0 03 

Ka. 

* 

0 06 


, . 


0 03 

, , 

0 


Summary and Conclusions, Assays of 
the plasma penicillin levels achievable 
with varying doses of penicillin orally 
administered were made with a large 
variety of preparations, rvith and without 
diluents, anti-acid substances, or buffers. 

Doses of 25,000 units were ineffective 
usually in producing appreciable plasma 
penicillin levels. When 50,000 units rvere 
administered every 2 hours, plasma le\'els 
of 0.06 unit per cc. were frequently 


obtained with intramuscular injections of 

20.000 units every 3 hours. At this dosage 
there were no great differences in the re- 
sults with the various preparations. 

Doses of 200,000 units gave perceptible 
plasma levels even at 6 and 8 hours after 
the dose. 

From these findings, the therapeutic 
regimen established was a primary dose of 

200.000 units followed by 100,000 units 
every 3 hours. 


The authors wish to acknowledge their indebtednc.ss to Mrs. Ellen Zimmermann, Mrs. Jeanne Hilde- 
brandt and Miss Margaret Casolla for their technical assistance. 
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STUDIES m THE ORAL ADMINISTRATION OF PENICILLIN 

n. Results of Treatment of Pjteumococcic Lobar Pneumonia and Other 
Acute Infections with Several Oral Penicillin Preparations* 

By WiLLiAiM S. Hoffjun, Ph.D., 

AN» 

Italo F. Volini, AI.D. 

CHICAGO, ILLINOIS 

(From tlie Hektoen Institute for Medical Research of the Cook County Hospital and the Departments 
of Medicine of the Cook County Hospital and the Loyola Medical School) 


Oral Penicillin Therapy. In a series 
of assays of capsules and tablets of penic- 
illin designed for oral use, it has been 
shown- that doses of 100,000 units every 
3 hours, preceded by a primary dose of 
200,000 units, would give therapeutically 
effective plasma penicillin levels, compar- 
able with those obtained with 20,000 units 
intramuscularly every 3 hours. With this 
basis for therapy, a series of patients with 
bacterial infections knowm to be respon- 
sive to penicillin were treated by oral ad- 
ministration of several of the preparations 
assayed. This paper is a report of the 
results of such treatment. 

The patients studied could be divided 
into 2 groups: those having pneumococcic 
lobar pneumonia and those haring a mis- 
cellaneous group of infections other than 
pneumonia. In all cases an attempt was 
made to determine the causative organism, 
to obtain confirmation of the diagnosis by 
Roentgen ray if possible, to get white cell 
counts and temperature curves, and to 
determine representative plasma penicillin 
levels. However, in a large group of cases, 
no such control could be obtained. Since 
in these cases only a clinical evaluation 
could be used to measure the success of 
the treatment, they have not been included 
in the tabulation of results. They are, 
however, included in the evaluation of 
toxic reactions. 

The regimen established was as follows: 
.As soon as the clinical diagnosis was made, 
a dose of 2(K),{)00 units of penicillin was 
administered orally. Then, 100,000 units 
were given oralij’ every 3 hours on a 3, 6, 

9 and 12 o’clock schedule. This schedule 


avoided all meals, e.xcept the noon meal, 
since these were given at 7, 11:30, 4:30 
and 8 o’clock (evening nourishment). No 
other effort was made to rule out the effect 
of food on the absorption of penicillin. 
The medication was continued for at least 
3 days or usually at least 48 hours after 
the temperature had returned to normal. 
The usual sustaining medication was al- 
lowed, especially codein sulfate for cough; 
but aspirin was not permitted because of 
its possible antipyretic effect. Parenteral 
fluids and oxygen were administered if 
necessary. 

Pneumococcic Lobar Pneumonia. Since 
the purpose of these therapeutic studies 
was to determine merely whether orally 
administered penicillin could accomplish 
everything that parenterally injected pen- 
icillin has been Imown to do, the patients 
chosen for the most part were manifest 
cases of uncomplicated pneumonia. How- 
ever, since the decision for the initial treat- 
ment was in the hands of the interne (the 
majority of patients irith pneumonia being 
admitted during the night) many doubtful 
cases were chosen. ^^Tiere later clinical e.x- 
amination, laboratory finding and Roent- 
gen ray eiddence indicated a mistake in 
the diagnosis, the cases were discarded 
from the study. In quite a few cases, on 
the other hand, though clinical and 
Roentgen ray evidence indicated the pres- 
ence of lobar pneumonia, the bacterial 
examination of the sputum (including 
passage through a mouse) and of the blood, 
and the white count, left the impression 
of an atypical rirus pneumonia. These 
cases have, nevertheless, been included 


• .Aided by a grant from the Commercial Solvents Corporation, Terre Haute, Indiana. 
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and, as will be seen, often showed equivo- normal levels within 12 hours in 4 cases, 

cal results. The type of pneumococcus within 20 hours in 7 cases and within 

and the presence of bacteremia were not 30 hours in 9 cases. Only 1 patient re- 
routinely determined in this series, for it quired treatment for more than 2 days 

was not primarily a study of pneumonia, before there was a fall to normal tem- 

However, in another investigation to be perature. With the subsidence of the 
reported typing was carried out routinely fever, there was also a corresponding resto- 
and a correlation attempted of the type ration of normal pulse and respiratory 
of pneumococcus with the results of pen- rate, and this occurred in spite of the fact 
icillin treatment. that the physical findings in the chest 



Fig 1 —Temperature eurves ii> 10 cases of pnemnococcic pneumonia treated with peniciihn 
Capsules R.B (with pectin hydrolysate). 


Ten patients with lobar pneumonia were were apparenth unchanged. In other 
treated with Capsules R.B. (These con- words, though consolidation of the lungs 
tained pectin hydrolj sate as a buffer. A was still present, the toxic symptoms had 
description of the various preparations is disappeared. This finding xvas confirmed 
given in Table 1 of the previous paper.) by Roentgen raj at this state. 

The pertinent data in these cases are In several cases in this group, as in the 
shown in Table 1 and the temperature succeeding groups, there was a secondary 
curve in Figure I. It can be seen that rise in temperature, usuallj' on the 3rd 
the temperature dropped to approximateij or 4th daj' of penicillin treatment. The 
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rise was usually small (1 or 2 degrees) and 
was difficult to explain, since the patients 
were getting penicillin regularly and were 
showing plasma levels of 0.03 unit per cc. 
or higher e\^en at 3 hours after the dose. 
In Case 1, the temperature rise occurred 
during the period of 24 hours when penic- 
illin was omitted by mistake; the rise in 
this case might mean a recrudescence of 
the pneumococcic disease, but, in other 
cases, there was no such explanation pos- 
sible. This secondary rise has been found 
to occur even in the treatment of pneu- 
monia with parenteral penicillin.^ The 
secondary rise might be explained in 
either 1 or 2 ways: (1) it represented a 
residual virus infection present along wdth 
the pneumococcic infection, or (2) it was 
associated with the absorption of toxic 
split products from the resolving consoli- 
dation in the alveoli. Whatever the ex- 
planation, such small elevations were not 
unlike those seen at times following the 
natural immunologic crisis of lobar pneu- 
monia. 

The poorest clinical results were ob- 
tained in Case 9. The temperature did 
not fall to the neighborhood of normal 
for SO hours and even then there was a 
further rise during the next 16 hours. 
Thereafter, the patient improved rapidly, 
Roentgen rays taken 7 days after the 
initial ones showed complete resolution of 
the pneumonic process. The reason for 
the slow results in this case may be found 
in the plasma penicillin levels achieved. 
In 4 of the 6 assays, there was no measur- 
able amount of penicillin in the blood. 
The plasma level was probably too low 
for optimal bactcriostasis. In such a case 
it would probably ha\'e been wise to have 
increased the dosage at the end of the 
2nd day. 

'Twenty patients with lobar pneumonia 
were treated with Capsules No. 10 (crystal- 
line potassium penicillin), A summary of 
the pertinent data is shown in Table 2 
anil the temperature curves are shown 
graphically in Figure 2, A and B. Nine 
of the 20 patients experienced a drop to 
approximately normal temperature within 


24 hours. In 6 more cases, the tempera- 
ture fell during the 2nd da;\' of treatment. 
In the remaining 5 cases, the subsidence 
of the fever was slow' and it was doubtful 
rvhether the penicillin did any good other 
than to prevent complications. In Case 53 
pneumococci were never isolated and since 
the white count was low', the patient may 
have had a virus pneumonia. Case 58 
w'as complicated by heart disease, and 
there was the suspicion of rheumatic fever 
as a further complication. It w'as possible 
that other cases show'ed complicating in- 
fections. In Case 64 a secondary rise in 
temperature occurred w'hen penicillin w'as 
omitted by mistake for more than a day. 
There was a prompt fall of temperature 
upon renew'al of penicillin medication. 
Yet in several other cases a secondary rise 
in temperature occurred even during pen- 
icillin medication as in the group treated 
w'ith the penicillin buffered w'ith pectin 
hydrolysate. 

Another group of 10 patients w'ith lobar 
pneumonia w'ere given Tablets No. IS 
(pure potassium penicillin in a high melt- 
ing fat). The data in these cases are 
summarized in Table 3 and the tempera- 
ture curves are shown in Figure 3. These 
patients developed pneumonia in the late 
w'inter or early spring and appeared to 
be much sicker than those of the pre\'ious 
groups w'ho were treated in the fall. Yet 
5 of these e.xperienced a prompt subsi- 
dence of fever w'ithin 24 hours. Three 
others required 48 hours for the initial 
fall in temperature, and 2 patients re- 
quired much longer treatment. In this 
group, the pneumococci were typed and 
blood cultures were made. Of the 7 cases 
that showed pneumococci in the sputum, 
1 was of Type 1, 3 of Type II, 1 of Type R'. 
1 of Type VII and 1 of Type X5T. There 
was no determinable correlation between 
the type and the severity of the disease 
or the response to penicillin. On the 
other hand, all 5 cases which showed the 
response within 24 hours had negative 
blood cultures. 'There were 2 cases with 
positive cultures, 1 of Type I which re- 
quired 48 hours for the return of the tem- 
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STUDIES IN THE ORAL ADMINISTRATION OP PENICILLIN 


perature to normal, and 1 of Type II 
which had not responded until after 6 days 
of treatment. It is now well recognized 
that the patients showing bacteremia re- 
spond less effectively to chemotherapeutic 
agents. 

Secondary rises in temperature occurred 
in several of these cases. In Case 88, the 


daily "spiking” of the temperature after 
the initial fall was suspiciously like that 
of an abscess, though none could be dis- 
covered. Perhaps a non-specific bronchitis 
(as is so frequently found in such cases) 
produced by a bacterium resistant to pen- 
icillin was responsible for the secondary 
rise in this case. 


PNCUMONIA CAStS TRCATtD WtTH PCNICIULIN TABLtT NO. IB 
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Nine more patients were treated witli 
the control Capsules C (crude calcium 
penicillin). The data for these cases are 
shown in Table 4 and the temperature 
curves in Figure 4. The 1 death in the 
whole series of 49 cases occurred in this 
group after 4 days of treatment. This 
patient had a bilateral pneumonia but, 


Of the remaining 8 patients treated with 
the control capsules, 1 showed a critical 
fall in temperature within 12 hours, .3 
more within 36 hours, 1 more in 48 hours 
and 3 required 5 to 6 days for a subsidence 
of the fever. In 1 of the 3 resistant cases 
(Case 109), the blood culture was known 
to be positive and Type II pneumococcus 
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though the white count was 16,200, pneu- 
mococci were not isolated from the sputum 
or blood or from the peritoneum of a 
mou.se inoculated with the sputum. The 
pla.sina penicillin levels were satisfactory; 
in fact, on the 3rd day I unit per cc. 
was achieved. This high level was prob- 
ably related to the failing circulatory and 
renal oflioicney of the patient. 


was isolated. In Case 104 a pneumococcus 
was isolated by mouse inoculation. The 
failure in this case to aeJn'eve good results 
with penicillin was difficult to understand, 
for 4 of 6 plasma jjenicillin determinations 
showed levels of 0.2.o unit per cc. or 
higher. On tiie other hand, in Case 10.5, 
tlie other unsuccessful case, the failure 
might have been due to poor absorption 
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of penicillin, for 3 out of 7 determinations 
showed imperceptible levels and 2 others 
showed no higher than 0.06 unit per cc. 
at 2 hours after a dose. Secondary rises 
in temperature occurred in this group as 
in the others. In Case 103, it occurred 
after penicillin had been stopped, and 
promptly subsided on resumption of pen- 
icillin therapy. 

In comparison with the other groups, 
the capsules of crude unbuffered penicillin 
appeared to give the poorest clinical re- 
sults. Yet, the number of cases studied 
were too few to allow a definite conclusion 
to be drawn, particularly since these cases 
were not selected from the same epidemic 
of pneumonia as those of any other group. 
Those patients who responded to peniciUin 
did so as promptly as those on the other 
preparations. Also, there were no con- 
siderable differences between the blood 
levels obtained v\dth Capsules C, both in 
the assays and in the pneumonia cases, 
and those obtained with the other prepa- 
rations. These facts would tend to make 
the 1 death and the higher percentage of 
poor results in this small group a fortuit- 
ous finding. If it is true that these capsules 
are therapeutically inferior to the other 
preparations of the purer forms of penic- 
illin, the reason for the inferiority is 
difficult to ascertain. 

The plasma penicillin levels in the 
4 groups of patients were taken at varying 
intervals after a dose of penicillin. Usu- 
ally the 9 A.M. dose was chosen. The 
levels ranged from 1 to 0 units per cc. 
but the prevailing value at 1 and 2 hours 
was 0.125 and at 3 hours 0.06 unit per cc., 
quite as was found in the assays of 
100,000 units dosage after a primary dose 
of 200,000 units. In some of the cases in 
which persistently low levels were found, 
the clinical results seemed to be corre- 
lated with these low levels. But this was 
not always so, for in several cases prompt 
remission of fever and toxicity occurred 
even with low plasma penicillin levels. 
This is, of course, in accordance with the 
recognized sensitivity of most pneumo- 
cocci to penicillin. In the 3 cases in which 


penicillin sensitivity was determined by 
the serial dilution method, growth of the 
pneumococci was inhibited in penicillin 
concentrations in vitro of 0.01 unit per cc. 

Mucellaneoiis Infections. Table 5 gives 
a list of cases of miscellaneous acute infec- 
tions treated with 3 of the oral prepara- 
tions, namely, Capsules R.B., Capsules 
No. 10 and Tablets No. 18. Since it was 
desirable to obtain in these cases a defi- 
nite bacteriologic diagnosis, the cases 
chosen were of necessity for the most part 
otolaryngologic or suppurative external 
lesions. The regimen was the same as in 
the cases of pneumonia, a primary dose 
of 200,000 units followed by 100,000 units 
every 3 hours. No perceptible difference 
in the cUnical results could be noticed. 
In general, the results of the oral penicillin 
therapy in these cases was as good as 
those obtained with parenterally adminis- 
tered penicillin. The subsidence of fever 
usually occurred in 12 to 36 hours, espe- 
cially when the offending organism was a 
Strep, hcmolyiicns. The staphylococcic 
infections were more resistant, as was to 
be expected, but the clinical response to 
penicillin management in these cases was 
easily recognizable as superior to that 
with purely expectant treatment. In the 
case of postoperative thrombophlebitis of 
unknown bacterial origin (Case 207), no 
appreciable, improvement was produced 
until after 6 days of penicillin treatment. 

The patient with acute mastoiditis 
associated with suppurative otitis media 
responded by a fall of temperature to 
normal within 24 hours, but she continued 
to have a drainage of purulent material 
from the ear. At the end of 15 days of 
oral medication, in which time the patient 
had ceased being toxic but continued to 
show drainage, the medication was chang- 
ed to 30,000 units of penicillin intramus- 
cularly every 3 hours. However, the 
purulent drainage persisted. By this 
time the organism isolated from the pus 
proved to be B. protcus rather than the 
streptococcus originally isolated. Thus, 
though oral penicillin was able to destroy 
the hemolytic streptococci of the mixed 
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infection, it could not, nor could parenteral 
penicillin, get rid of the accompanjnng 
gram negative bacilli. 

Toxicity. The onlj' toxic manifestations 
attributable to the oral penicillin adminis- 
tration was urticaria. This occurred in 
only 5 known instances in the 580 subjects 
used for assay or for therapeutic studies. 
Of these, 4 were relatively mild and dis- 
appeared in a day or 2; 1 lasted for 5 days 
and required epinephrin and antihistamine 
drugs. Three subjects developed urti- 
caria with crude calcium penicillin, the 
remaining 2 ■nith purified potassium pen- 
icillin. However, since both of these lat- 
ter patients had previously been given 
sulfonamide medication and especially 
since the skin involvement was atypical, 
their reaction might have been due to the 
sulfonamide. In 1 instance, the reaction 
occurred on the 2nd day of administration; 
in 3 it occurred after the medication was 
completed, on the 6th or 7th day. In the 
5th subject, urticaria occurred 2 weeks 
after treatment when the patient was 
given several more tablets for a recurrence 
of the symptoms of sinusitis. 

The total incidence of urticaria is 0.86 %, 
if the assay subjects are included. It is 
3.S % if only the 130 therapeutic cases are 
counted. The incidence is only 1.5% 
(and these may be spurious cases) in the 
patients treated wth purified preparations 
of penicillin. These values indicate a 
lower incidence of skin reactions than the 
5.7 % reported by Lyons* or the 5.5% by 
Rostenberg® for parenterally injected pen- 
icillin. The low incidence may be due to 
the oral route or to a less antigenic poten- 
tiality of purified preparations of penic- 
illin. The latter appears to be the case, 
since in a study of purified preparations 
, given parenterally' no urticarial reactions 
were encountered. 

Discussion. The most obvious conclu- 
sion from these studies is that orally 
administered penicillin is therapeutically 
successful even in serious infections, if a 
sufficiently high dose is given. This dose 
is higher than the 25,000 or 50,000 units 
recommended in the package descriptions 


found with the commercially available 
oral penicillin. Such doses, even at 2 hour 
intervals will not produce more than 
0.06 unit per cc. most of the time, and 
may frequently yield only 0.03 unit or 
less per cc. On the other hand, 100,000 
units, especially after an initial “booster” 
dose of 200,000 units tend to produce 
0.125 unit or more per cc. for at least 
2 hours and most often 0.06 unit in the 
3rd (and sometimes 4th) hour. Such 
levels should be effective against infec- 
tions by most of the organisms regarded 
as sensitive to penicillin. 

The clinical results in 49 cases of pneu- 
monia and 81 cases of miscellaneous infec- 
tions bear out this impression. In 77% 
of the cases of pneumonia, subsidence of 
fever and toxic symptoms occurred within 
48 hours. Many of these patients actually 
showed a critical drop in temperature 
during the first 12 hours, a result as good 
as any obtained with parenterally injected 
penicillin. Of the remaining 23%, some 
had complicating involvements due to 
virus or penicillin-resistant bacterial infec- 
tions. Similar results were found in the 
miscellaneous group, especially when the 
organism involved was a Strep, hemolyticiis. 
Staphylococci infections were usually more 
resistant but even these responded satis- 
factorily to oral penicillin. 

Since it has been demonstrated that 
the large majority of patients wth acute 
infections treated orally Mth penicillin 
show subsidence of fever and toxic symp- 
toms within 48 hours, failure to achieve 
such successful therapeutic effect in that 
period should be the signal for immediate 
reinvestigation of the clinical features of 
the case. Tlie reason for failure may be 
one of the following: 1. Penicillin has been 
inadequately absorbed or its administra- 
tion for other reasons has unexpectedly 
produced low plasma concentration. This 
phenomenon occurred in a few of our cases. 

2. The illness has not been due to a 
penicillin-sensitive organism. For exam- 
ple, pneumococcic pneumonia may be 
simulated by a virus pneumonia. 

3. The bacterium involved may be an 
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unusually resistant strain of what is 
normally a penicillin-sensitive microorgan- 
ism. 

4. There may be a complication much 
more difficult to treat than the primary 
infection. In cases of pneumonia, espe- 
cially in elderly persons, an accompanying 
severe bronchitis with a thick tenacious 
mucopurulent e.\'udation, may require very 
high concentrations of penicillin for suc- 
cessful management. 

If any of these 4 factors ,are present, 
the original dose of penicillin will prove 
to be inadequate. It is recommended, 
then, if after 48 hours of oral treatment 
witb penicillin no subsidence of fever and 
toxicity has occurred, that the dosage be 
doubled or that parenterally administered 
penicillin be given in doses of 40,000 or 
50,000 units every 3 liours. In the mean- 
time tlie patient should be carefully re- 
examined for complications, and, at the 
same time, the offending bacterium should 
be isolated and tested for penicillin sensi- 
tivity. Even if the disease process turns 
out to .be due to a virus infection, the 
additional penicillin will at least have 
served to prevent or minimize complica- 
tions. 

The severity of the infection has no 
relation to the resistance of the offending 
organism to penicillin. The most serious 
cases of pneumonia may be produced by 
pneumococci the growth of which is in- 
hibited by very low concentrations of 
jienicilHn. These will usually respond 
rajudly to the recommended doses of pen- 
icillin. On the other hand, mild infections 
due to a staphylococcus, such as par- 
onychia; or furuncles, may require very 
much higher doses of penicillin than 
needed for a severe streptococcus sore 
throat. Similarly, bronchitis due to 
staphylococci may be much more difficult 
to treat than lobar pneumonia. Thus, 
the general recommendation of small doses 
of penicillin orally, say 25,000 or 50,000 
units, for mild infections is fallacious. 
The criterion for dosage should be only 
the sensitivity of the organism to penicillin. 
It would be safer to make the general 


recommendation of the dosage used in 
this study, namely, 200,000 units initially 
followed by 100,000 units every 3 or 
4 hours. Our most recent experience indi- 
cates that after the critical fall in tem- 
perature has occurred there is probably 
little danger in gi^^ng 200,000 units for 
the 8 hour sleep period and returning to 
100,000 units every 4 hours for the remain- 
ing period of the day. 

Summary. 1. Forty-nine patients with 
pneumococcic lobar pneumonia and 81 pa- 
tients with miscellaneous infections pro- 
duced by penicillin-sensitive organisms 
were treated with several preparations of 
penicillin orally administered in primary 
doses of 200,000 units followed 100,000 
units every 3 hours. 

2. In 77% of the cases of pneumonia, 
subsidence of fever and toxic symptoms 
occurred vdthin 48 hours, some within 
12 hours. Of the remaining 23%, failure 
was due to (a) inadequate absorption of 
penicillin, (b) the presence of a penicillin- 
insensitive organism such as a virus, (c) 
penicillin-resistant pneumococci, or (d) 
overwhelming complications. 

3. The patients with miscellaneous in- 
fections responded similarly well to oral 
management with penicillin, those witli 
hemolytic streptococci rapidly and tliose 
with staphylococci more slowly. TJie 
results were comparable with our experi- 
ence with parenterally administered pen- 
icillin. 

4. The plasma penicillin levels under 
this regimen were usually 0.06 unit per cc. 
or higlier during most of the 3 hour interval 
between doses, as had been anticipated 
from assaji’s. 

5. Urticaria occurred in 3.8% of the 
130 tlierapeutic cases and only in 0.86% 
of tlie 580 total subjects used for either 
assay or treatment. When purified prepa- 
rations were used, only 2 spurious cases 
of urticaria developed. 

6. The severity of the infection lias been 
found to have no relation to tlie penicillin 
dosage required. Only the sensitivity of 
the organism to penicillin should be the 
determining factor in dosage. 
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7. Crude calcium penicillin in capsules considerable difference in the results oh- 
gave the poorest therapeutic results. For tained. 
the other preparations used, there was no 

The authors wish to acknowledge their indebtedness to Mrs. Ellen Zimmermann, Mr.s. Marion McCo.v 
Miss Kathleen O'Donnell and Miss Margaret Casella for their technical assistance. 
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THE SEROLOGIC RESPONSE FOLLOWING PENICILLIN THERAPY FOR 

EARLY SYPHIUS*! 

By E. Gurney Clark, M.D. 

R, W. Maxavell, M.D. 

AND 

Virgil Scott, M.D. 

(From the Syphilis Clinic of the Washington University Clinics and the Departments of Preventive 
Medicine and Medicine, Washington University) 


The evaluation of a new antisyphilitic 
agent is an arduous time-consuming, and 
painstaking procedure. Before clinical 
trial in human infection is justified the 
drug must have been demonstrated in the 
laboratory to be both therapeutically effi- 
cacious and nontoxic. In the final analy- 
sis, therapeutic efficacy is measured in 
human infection in terms of clinical and 
serologic cure. This is determined in early 
syphilis by the absence of relapse (clinical 
and/or serologic), of seroresistance, and of 
late progression in large numbers of 
patients followed after termination of 
treatment for prolonged periods, probably 
a minimum of 5 years.'- There are, how- 
ever, in early syphilis immediate indicators 
of therapeutic adequacy which permit 
preliminary evaluation in shorter periods 
of time: the disappearance time of T. 
pallida from superficial lesions, the rapid- 
itj' of healing of early manifestations, the 
serologic response measured by quantita- 
tive methods, and the outcome of preg- 
nancy in syphilitic females. 

Since the original demonstration of the 
treponcmicidal action of penicillin by 
Mahoney, Arnold, and Harris,^ much has 
been accomplished through cooperative 
cflbrt'”'’'' toward the evaluation of this 


new chemotherapeutic agent in syphilis. 
In this instance, because of the urgency 
of war and the almost complete absence of 
toxicity, clinical trial in man has proceeded 
simultaneously with experimental trial in 
the laboratory. The rapidity of disap- 
pearance of surface organisms and of 
healing of visible lesions compares favor- 
ably with previously used therapeutic 
agents. Preliminary reports'"’® ' suggest 
that the initial serologic response is satis- 
factory, but data comparing the serologic 
response following penicillin therapy with 
that under previously established methods 
of treatment have not yet been presented. 
It is the purpose of this report to provide 
information with respect to this pertinent 
point. 

Material and Method. The distribution 
by race, sex, and age of the 208 patients 
comprising this material is indicated in 
Table 1. Only patients presenting pre- 
viously untreated primary or secondary 
syphilis who submitted to hospitalization 
for treatment with penicillin between 
Sept. 28, 1943 and Dec. 1, 1945 are con- 
sidered in this report. The diagnosis was 
confirmed in each instance by darkfield 
demonstration of T. pallida. Additional 
studies performed on each patient before 


* The work described in this p.iper was done under a contract recommended by the Committee on 
Medical Research, between the Oflice of Scientific Research and Development and Washington 
I’niversity. 

t The Chairman of the Ad\-isorj- Committee to the National Institute of Health Sj-philis Study 
Section has suggested that publications of the cooperative study of penicillin in sj'philis be prefaced 
by the following statement: “The results which arc to bo presented in this paper must be interpreted 
in light of the fact that from Juno 1943, the date of inception of the study, to the present, commercial 
penicillin has Ixkmi a changing mixture of various substances. The content of “impurities” has grad- 
nallj* docreasetl as potency, in lenns of units per nigin., has increased. The relative amounts of the 
sevenu identified iH-nicillin fractions G, F. X. and K, have likewise varied from time to time. Those 
two chanps, and I'crhaps others, suggest that therai’eutic efficacy may not have remained constant; 
and that n in.ay l>e significantly difforcnt today than it was originally. It is not now possible to as=ess 
the extent to whieh these changes may have afTeetcd the results hero reported.”’ 
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treatment included a quantitative biood 
serologic test for syphilis (Kahn) and an 
examination of the cerebrospinal fluid (cell 
count, total protein determination, col-, 
loidal test, and Kolmer Wasserraann). 
Penicillin was administered to approx- 
imately 90 % of the patients in this series 
bj^ one of the 3 following schedules; 
(1) 1.2 million Oxford units (total dosage) 
in 3f days (51 patients), (2) 1.6 million 
units in 10 days (73 patients), and (3) 4.8 
million units in 7^ days (58 patients).* * * § 
The sodium salt was employed exclusivel3', 
equallj’' divided doses being injected intra- 
muscularly every 3 hours, f 


from consideration when either clinical 
relapse, or the initial evidence of a sub- 
sequentty confirmed serorelapse occurred. 

Data collected in this manner are pre- 
sented to show: (1) the serologic response 
following penicillin in comparison with 
that during the first 8 weeks of prolonged 
weeklj" arsenical and bismuth therapy and, 
(2) the serologic response following peni- 
cillin therapj"^ during the first j'ear after 
treatment according to duration of disease, 
race, sex, age, and outcome of pre-treat- 
ment spinal fluid examination. 

For the comparisons, 2 studies were 
selected from the literature which illustrate 


Table 1. — Distribution op 20S Patients with E.\rl'k Syphilis by 
Race, Sex, and Age' 

Age Negro White 


(years) 

Mates 

Females 

Males 

Females 

Total 

Under 20 . 

13 

33 

1 

6 

53 

20-24 .... 

14 

20 

10 ' 

20 

64 

25-34 .... 

. 23 

9 

20 

16 

68 

35 and over . 

8 

1 

6 

8 

23 

Total .... 

. 58 

63 

37 

50 

208 


After completion of therap^q patients 
were instructed to return at semi-monthlj- 
intervals for the initial 3 months and 
monthlj-^ thereafter during the first j'ear 
of post-treatment observation. Clinical 
and quantitative serologic examinations 
were performed on each return visit. The 
quantitative blood serologic titer was 
determined bj' the Kahn technique and 
recorded in Kahn units.® j For the pur- 
pose of this studj" patients were withdrawn 


the serologic response during the first 8 
weeks of arsenical therapj' administered 
b\' prolonged methods (weekK’’ injections). 
In one of these, Moore, Stanton, Robinson, 
and Eagle” present the serologic response.s 
observed during therapj' with five different 
arsenical drugs (arsphenamine, neoars- 
phenamine, silver arsphenamine, bismar- 
sen, and mapharsen) in terms of average 
subsequent titers § as compared with pre- 
treatment titers. In the other, Crosby and 


* T)ie remaining 10% were treated over similar time-iieriods but with varjdng total dosages. 

t The relatively small number of patients treated by these several methods preclude in thi-s report 
a study of the effect of indii'idual schedules. In the cooperative study,'” no difference was noted in the 
serologic response with total dosages varjang from 300.000 to 1.2 million units: with 60,000 units the 
rate of fall of serum reagin appeared to be retarded. 

J This method of quantitation, as described b^- Kahn and as used in this study, is as follows; "A 
definitive precipitate (H — h + +. + + +. or + +) is recorded as positive, while a very weak reaction 
is discounted. If a serum gives a 4- -f- "b 4*. 4" 4- 4". or 4* 4* reaction in an undiluted state only 
and is negative in the dilution scries, it is considered as containing Kahn units as indicated by the 
plus-signs C4 units. 3 unit.s, or 2 units resiwetively). The potency of any scrum which is positive on 
dilution is determined according to the fonnuls rt = 4 D. where S is the serum potency in terms of 
Kahn units and D is the highest dilution rntio gmnga positive (-f 4- 4- 4-. 4- 4- 4". or 4- 4-) reaction. 
Thus if serum dilution l:'> is iwisitive and 1:10 and higher dilutions are negative, the scrum contains 
."> X t or 20 Kahn units." 

§ In this niethoil of analysis, the average (mean) pre-treatment titer is assigned the value of I()(J. 
and at each subsequent observation the average titer is expressed in terms of [ler cent of the original. 
The quantitative method used by Moore et al. was a complement-fixation technique. r<*sult.s Iicing 
expressed in dilution units. 
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CainpbelP used median titers* to portray 
tlie serologic response of patients during 
weekly treatment witli the arsenicals 
(without distinction between the several 
drugs) according to the stage of disease at 
onset of treatment. 

The latter method is used also in the 
second part of this paper to demonstrate 
tlie serologic response during the first year 
following penicillin therapy. 


positive primary or early secondary syph- 
ilis during weeklj’- treatment. Super- 
imposed on this graph is the result follow- 
ing penicillin therapy in 190 patients in 
the same diagnostic categories. It is clear 
that the rates of fall of serum reagin 
during weekly treatment with the arsphen- 
amines (old arsphenamine, neoarsphena- 
mine, silver arsphenamine, bismarsen) and 
with arsenoxide (mapharsen) are essen- 



Fig. 1. — Comparison of scroloKio rosiioiisc in early sypliilis during treatment with the arsenicals and 
following penicillin, (.\ftcr Moore, Stanton. Robinson and Eagle, Am, .T. Syph. Conor, and Ven. 
Dis., eotirtcsy of C. V. Mosby Co.) 


1. Comparison of Serologic Response 
D^iring the First Eight Weeks of Arsenical 
Therapp and Following Penicillin. 

(o) With Different Arsenical Drugs. 
The number of patients treated with each 
of live drugs and the observed . serologic 
trends are indicated in Fig. 1, taken from 
the first report,” of 2S9 patients witli sero- 


titillj’ sitnilar, and that, by tliis method 
of comparison, the serologic response 
following penicillin therapy over this 
time-period does not dilfer materially 
from the other agents. 

Q}) By Stage of Disease. In Figs. 2-4 
tlie serologic response following penicillin 
therapy is compared with the results 


.Medians arc used rather than the averages (ino.ans), since these values, alxive and below which 
Uiert' an' an etnial nnmlK'r of observations, give a more representative description, not Ijeing thrown 
tar in one direction or the other by extremely high or low obsen-ations. These median values are 
plotted on anthlog paper in order to portray the rate of change of one line in respect to others 
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depicted by Crosby and CampbelF in their 
study of patients according to stage of 
disease. 

A comparison of the serologic response 
in seropositive primary syphilis during 
the first 8 weeks of arsenical treatment 
and that following penicillin therapy is 
shown in Fig. 2. The median pretreat- 
ment complement-fixation dilution titer 
(120) is considerably higher than the cor- 
responding Kahn titer (40), but at the end 
of 4 weeks the figures are identical and 


in the penicillin treated patients becomes 
accelerated and the trends for the last 
two weeks are similar. 

A delay in the rate of fall of serum 
reagin following penicillin therapy appears 
even more pronounced in patients with 
late secondary syphilis* (Fig. 4). Al- 
though before treatment the median titers 
were identical, at the end of 8 weeks the 
median titer of the penicillin treated group 
has declined only 50% as compared to an 
85% fall in the arsenical treated patients. 



Fio. 2. — The serologic response in seropositive primary syphilis result of peuiuillin uoinpared with 

arsenical therapy. 


remain essentially the same through the 
Sth week. The over-all serologic trends 
of the ttvo treatment methods suggest 
that, in tliis comparison, the response 
following penicillin maj' be slightly less 
prompt over this time-period than that 
recorded during arsenical treatment. 

In early secondary syphilis* (Fig. 3) 
the rate of fall of serum reagin following 
penicillin therapy appears to be retarded 
initially in comparison with that during 
treatment with the arsenicals. .After the 
Gth week, however, the serologic response 


The significance of these comparative 
trends is discussed in a subsequent para- 
graph. 

2. Serologic Response During the First 
Year Following Penicillin Thrrapg for 
Early Syphilis. 

(a) By Stage of Disease. For the pur- 
pose of comparison with arsenical therapy 
the foregoing graphs depicted the results 
of only the first 8 weeks following peni- 
cillin therapy. The eventual serologic out- 
come of the penicillin treated patients in 
relation to stage of disease at the onset of 


• Secondao' sj'philis has been di\ndcd arbitrarily into early (duration of ."econdarj- lcsion.s 21 days 
or less) and late (duration of secondary lesions 22 days or more). 
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C 20J 


Arsenical (l30 patients) 
Penicillin (71 patients) 



Fio. 3. — The serologic response in curly secondary syphilis* result of jionicillin compared with arsenical 

therapy. 


E 20 

p 


Arsenical {lP7 patients) 
PemcUUa (JO paUcnls) 


< 5 

V.’coks 


1 to. •!.— The serologic response in late secondary syphilis! ri'snlt of iH-nicillin . riiiipMn-d wiih arsenicn 

therapy. 

* ICarl.v s('pondar\- syiihilis— duration of s<>eondary le.sioiis l.’l d.a.vs or Ic". ' 

T Late sceondaty syphili— -duration of secondare lesions JJ dnvs or more. 
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treatment is shown in Fig. 5. (The num- 
ber of observations on which this and the 
following graphs are based is indicated in 
Table 2). As depicted in the graph, the 
serologic trends, as indicated by the degree 
of declivity of the lines, for seropositive 
primary syphilis and early secondary 
syphilis appear to be roughly parallel, the 
median pre-treatment Kahn titers being 
40 and 160 respectively, while the interval 
between the beginning of treatment and 
permanent seronegativity was 16 weeks 
for seropositive primary sj-philis and 24 


In the light of these combined results, it 
would appear that the time interval 
between onset of treatment and sero- 
negativity is dependent upon duration of 
disease as well as upon the original height 
of the titer. This observation corresponds 
with clinical e.xperience, the longer the 
duration of disease, the longer the period 
to serologic negativity. 

(b) By Race and Sex. The modifying 
effect of race and sex on the course of 
sj'philitic infection is too well known to 
require documentation. The propensity 


Table 2. — Number of Observations on Which Graphs .\re Based* 


Fig 

No. of 

No of 
Initial 

No Indicating 

Patients 

Ob^erv a 

5 Stage of Disease 

Seropos. prim. syphUis . 

49 

49 

Sec. syphilis — duration 

21 days and under 

71 

66 

Sec. syphilis — duration 

22 days and over . 

70 

60 

6 Race and Sex 

CM . . . 

68 

56 

CF . . . 

63 

61 

W M 

37 

36 

WF 

50 

49 

7 Age Group 

Under 20 

53 

50 

20-24 

64 

61 

25-34 

OS 

6 S 

35 and over . 

23 

23 

S CSFt 

Normal .... 

143 

137 

Abnormal 

62 

57 


No of Post-treatment Obsen'ation«? in Follou-up Period * 
Terminating at 

4 S 12 16 20 24 28 32 36 40 44 48 


Wks 

Wk. 

I\ks 

wks 

wka 

i\ks 

wks 

i^ks 

Wkn 

I\k" 

wks 

Wk« 

26 

56 

55 

30 

22 

• 23 

21 

16 

15 

9 

11 

10 

25 

91 

58 

39 

35 

31 

28 

27 

17 

18 

17 

14 

23 

79 

60 

43 

32 

28 

17 

15 

14 

15 

14 

10 

25 

6S 

54 

32 

18 

21 

15 

13 

12 

9 

12 

9 

18 

74 

58 

36 

38 

36 

25 

22 

IS 

17 

14 

14 

13 

47 

32 

21 

15 

8 

14 

'9 

8 

5 

8 

7 

24 

60 

41 

25 

28 

23 

18 

20 

15 

13 

14 

11 

13 

61 

45 

30 

27 

26 

19 

14 

13 

9 

12 

9 

25 

73 

64 

30 

28 

20 

22 

19 

15 

12 

12 

7 

32 

86 

63 

36 

32 

24 

24 

24 

16 

16 

15 

20 

10 

30 

18 

17 

12 

11 

8 

7 

7 

8 

9 

5 

46 15S 

133 

84 

07 

54 

45 

38 

29 

28 

27 

25 

34 

79 

53 

28 

28 

30 

27 

24 

IS 

15 

20 

13 


* The presence in certain of the follow-up periods of more observations than of original patients i® 
due to multiple visits by the sanae patients, 
t Cerebrospinal fluid. 


weeks for early secondary syphilis. With 
late secondary sj^ihilis, although the 
median pre-treatment titer corresponds 
with that of early secondary sj-philis, the 
decline of titer was slower, and permanent 
seronegativity was delayed until the 36th 
week. These results correspond, in gen- 
eral, with those of Crosby and Campbell. 
In their material, the serologic response 
for seropositive primary s\-philis was 
accelerated in comparison with that for 
early secondary s\-philis. Between early 
and late secondary syphilis the delay in 
the serologic response of the latter was 
less evident than in the present material. 


for late syphilis in the Negro to involve 
the cardiovascular and osseous S3-stems in 
contrast to the predominance of neuro- 
syphilis in the white race is well recog- 
nized, as is the milder course of syphilis 
in females as compared to males. Crosby 
and Campbell found no significant differ- 
ence in the serologic response during the 
first eight weeks of arsenical treatment in 
respect to race and sex, but did not report 
more prolonged observations. In the 
present study, however, it is possible to 
determine eventual serologic tendencies, 
as shown in Fig. 6. No marked difference 
is apparent in the serologic response be- 
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tween males and females of the white white males. It is true that the median 
face, and the trend in Negro male patients pre-treatment titer of white females was 
does not differ significantly from that of ^ higher than either of the male groups and 



Fio. 5. — SoroloKio response foUowinR penicillin therapy for early syphilis by stage of disease. 
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that the former attained seronegativity 
more promptly than either of the latter. 
However, the striking feature of this 
graph is the retarded rate of fall of serum 
reagin in Negro females, this group re- 
maining seroresistant through the 48tb 
week of post-treatment observation.* 

(c) By Age. The serologic trends of the 
four age groups (under 20, 20-24, 25-34, 
and 35 and over) into which this material 
has been divided is portrayed in Fig. 7. 


The blood serologic response of patients 
with normal and with abnormal pre- 
treatment spinal fluidsf is presented in 
Fig. 8. Although the initial response of 
the patients with early asymptomatic 
neurosj’’phi!is appears slightly retarded, 
this is probably not significant since the 
over-all trends are identical. This obser- 
vation is in agreement with the study of 
Crosby and Campbell, who found no 
difference in blood serologic response dur- 



Fio. 7 . — Serologic response following penicillin therapy for early syphilis by ngo. 


The most prompt serologic response is 
recorded in the 25-34 years age group, 
the slowest in the under 20 years group, 
and the remaining two groups are inter- 
mediate. 

3. The Injlurncc of Early Asymylomafie 
Nnirosyphilh on thr ficrolagic Hrspomr 
FoUomng Pniicillht Therapy for Early 
Syphilh. 


ing the first 8 weeks of arsenical treatment 
between 30 patients with abnormal and 
496 with normal spinal fluids. + 

Discussion. The difference in the sta- 
tistical methods iisetl may account for tlie 
apparent disparity in results when our 
material is compared with that of hloorc, 
Stanton, Robinson, and Eagle on the one 
hand and when it is compared with that 


* It should be pointed out that the scrum level i>cr?isting from the 2Sth through the 4S(h 

neck (‘’-3 Kahn units) corresponds to the "doubtful" range with qualitative sorodi.agnostic Jests. 

t.Vrbifrarilv cerebrospinal fluids with any one of the fallowing changes have Iwn clarified ns 
abnormal— cells over 0 per cubic mfflimetor, total protein over 40 mgms. I^r cent, coiioidai test with a 
reading of over 2 in .any tube, complcment-fivation test doubtful or positive in maximum amounts of 

* ' jFliiids were tested after fi month* of treatment rather than prior to treatment as in- the present 
stiitly. 
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of Crosby and Campbell on the other. 
In the former (according to drug used), 
the serologic trends appear to be essen- 
tially similar, while in the latter, compared 
by stage of disease, there is an apparent 
retardation in the serologic response fol- 
lowing penicillin. Moore ei al., using 
mean (average) values, assigned arbi- 
trarily the value of 100 to the mean pre- 
treatment titer and computed subsequent 
titers in terms of per cent of the original. 
These results were plotted on arithmetic 
graph paper. The method of Crosby and 


accomplishes the same purpose as the use 
of arithlog graph paper for actual values. 
In any graphic comparison of serologic 
trends it must be remembered that the 
actual rate of fall (the degree of declivity 
of the lines) is ’predetermined to a large 
extent by the dilutions of the serum rou- 
tinely tested by whatever quantitati\'e 
technique employed. For e.xample, if a 
quantitative test is performed on serially 
two-fold diluted serum (this is the pro- 
cedure usually followed), unless interpola- 
tion is performed, the reagin titer of each 



Fio. S. — Scrologm response following penicillin theropy for enrli' syphilis effect of early ns.\'niptoinafic 

neurosyphillis. 


Canqjbell used median rather than mean 
liters, these being plotted directly on 
arithlog graph paper. The former statis- 
tical method may be preferable for the 
purj)ose of comparing trends of different 
tests since it is less affected by serologic 
vagaries, although it has all the disad- 
vantages of the use of averages ratlier 
than of medians as centering values. The 
chief advantage is the common starting 
point of the trend lines. The use of j)er- 
centages of this value for subsetjuenl 
[>oints plottetl on arithmetic graph paper 


successive tube can be only 100% greater 
than the preceding one (4, 8, 16, 32, etc.); 
and conversely, flecre;ising titer can only 
be 50% if slight (one tube), 75 % if greater 
(two tubes), and 87.5% (three tubes) etc. 
(32, 16, 8, 4, etc.). Thus, under these 
circumstances, only gross comparisons can 
be made, since slight differences are not 
apparent. 

There are 3 other technical factors 
which render difficult comparisons of 
serologic re.sults: (1) variations in sensi- 
tivity of the tests; (2) differences in 
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methods of reporting results (units); and 
(3) differences in interpretation of degree 
of positivity (defining the end-point in 
quantitative techniques). 

The importance of variations in sensi- 
tivity which are inherent in all seroJogic 
tests for syphilis, although recognized by 
serologists and syphilologists alike, cannot 
be too repeatedly emphasized. This factor 
obtains not only in comparisons between 
two different serologic techniques (one floc- 
culation as compared with a second floccula- 
tion test; or, a complement-fi.vation tech- 
nique as compared to a flocculation test) 
but also when the same technique is per- 
formed in two different laboratories, and, 
because of unavoidable day to day varia- 
tion in sensitivity, even when the same 
technique is performed in a single lab- 
oratory. 

In the present study, a quantitative 
flocculation technique was employed in 
contrast to the quantitative complement- 
fi.vation procedure used by Crosby and 
Campbell. The latter technique, although 
inherently more sensitive than the floccu- 
lation test, is fcss sensitive than the former 
in sera of low reagin content because of a 
constituent of serum which inhibits com- 
plement-fixation in low dilutions.’ In sera 
of high reagin content (high-titered), on 
the other hand, the effect of this serum 
inhibitor is nullified by dilution and the 
resulting (by dilution) small amounts of 
reagin remaining are more readily de- 
tected by complement-fixation techniques. 
Therefore, titers determined by comple- 
ment-fixation methods under such condi- 
tions are higher than with flocculation 
techniques. Considering this factor alone 
(i.r., disregarding the Kahn method of 
e.xprassing units of serum reagin in mul- 
tiples of die dilution) it would be antici- 
pated that the pre-treatment titers ob- 
tained by Crosby and Campbell in general 
would be higher* and the serologic decline 
more precipitous than in the present study. 


The second factor affecting the present 
comparisons is the differing methods of 
reporting units of serum reagin. Crosby 
and Campbell e-xpressed the quantitative 
titer in dihdion uniU] while in the present 
study results are e.xpressed in Kahn -units 
(approximately four-fold greater than dilu- 
tion units}). This factor considered alone 
would tend to make the original titer 
higher in our material. This difficulty 
could be eliminated if serologists would 
uniformly e.xpress quantitative results in 
dilution units, a standard practice in 
reporting results of other serum tests of 
antigen-antibody reactions. 

The third technical factor is concerned 
with the definition of the end-point in 
quantitative techniques. In the Kahn 
technique (the present study) 2-}- is read 
as positive® whereas in the corapiement- 
fusation technique of Crosby and Camp- 
bell’s study 2-f was considered as doubt- 
ful.'‘ The total influences of these factors 
(coraplement-fLxation vs. flocculation tech- 
nique, dilution units vs. Kahn units, and 
the varying definitions of the end-point) 
on comparisons of serologic response are 
difficult of evaluation. The interpretation 
of comparative trends, therefore, must be 
considered in the light of these indicated 
complexities. 

In view of the correlation between the 
serologic response in early syphilis follow- 
ing penicillin therapy and that during 
treatment with the several .irsenic.'il drugs 
reported by Moore, ct ah, it would appear 
that, with any effective treatment method 
(or drug) the rate of fall of serum reagin 
is essentially constant. Since, as pointed 
out by the previous authors in reference 
to the arsenicals, these several antisyphi- 
litic agents are not equally therapeutically 
efficacious as judged b^' ultimate clinical 
outcome, it i.s apparent that the quantita- 
tively measured serologic respon.se, while 
of value, is not an important criterion of 
therapeutic efficacy. 


* Except in !ow-titcrcd seropositive primary syphilis. 

t With this method, serolorfc tiler is expressed in terms of units of rcatiin corrcsponrlitiK to s^niin 
dilution Thus, if a pven serum is positive in a dilution of 1:2 (1 part of s^rum and 1 part of i-otonic 
saline) and ncjralive in hiphor dilutions, it is said to contain 2 units of readn. Similarly, if p^i^itivc in 
a dilution of J-lOO but nepativc m'th bipher .amounts, it is s;iid to mntain 1IX» units, etc. 

J See footnote page 350. 
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Another consideration in comparative 
studies of serologic response following 
treatment for early syphilis is the similar- 
ity of the basic material. Comparisons 
are not valid unless there is a similar 
distribution of patients by stage (duration) 
of disease. The effect of duration of infec- 
tion in early syphilis on ultimate clinical 
outcome has been emphasized recently 
by Eagle® and confirmed by the Penicillin 
PaneP® who, in contrast to previous 
observers,^® found an increased incidence 
of relapse in secondary as compared to 
seropositive primary syphilis. 


it would be anticipated that the incidence 
of asymptomatic nem-osyphilis would in- 
crease proportionately with increasing 
duration of infection. It is surprising, 
therefore, that the prevalence of abnormal- 
ities in the cerebrospinal fluid is almost 
identical in the four groups (seronegative 
primary, 28%; seropositive primary, 27 %; 
early secondary, 25%; late secondary, 
29 %). In regard to the type of treatment 
(this is most easily measured in terms of 
duration*) there are no significant differ- 
ences between the four stages of disease. 
Since patients who subsequently relapsed 


Table 3. — Impobtant Vabiables Accobding to Stage of Disease 


Abnormal Duration of Treatment 


StuKC of Disease 

Number 

of 

Patients 

CSF 

Per cent 
With 

3?! 

(Days) 

Per cent in 
715 

10 

Observed 
Relap.se 
Per cent 

Seronegative Primary . 

18 

28 

22 

50 

2S 

17 

Seropositive Primary . 

. 49 

27 

20 

51 

29 

10 

Early Secondary . 

71 

25 

21 

52 

27 

10 

Late Secondarj’ 

. 70 

29 

19 

49 

33 

6 


— 




— 

— 

— 

Total 

. 20S 

27 

20 

50 

29 

9 


Table 4. — Impobtant Vauiables Accoudino to Race and Sex 


Stasc of Disease 


llnee nnd Sex 

Number 

of 

Patients 

SeroncK. 

Prim. 

Per cent 
Seropos. 
Prim. 

with 

Early 

Sec. 

Negro, Male . 

. 58 

IG 

29 

24 

Negro, Female 

. 03 

3 

S 

44 

White, Male . 

37 

IG 

43 

22 

White, Female 

50 

2 

22 

42 

Total . 

. 20S 

9 

24 

34 


From Fig. 5 the observation was made 
that the longer the duration of the disease, 
the longer the period to serologic nega- 
tivity following treatment. Before accept- 
ing this observation as valid, other factors 
which might account for the observed 
difference in serologic behavior deserve 
t'onsiderution; (1) the incidence of asymp- 
tomatic ncurosypliilis; (2) the efficacy of 
the treatment sdicmcs employed; and (3) 
the incidence of subsequent relapse in the 
respective groujis. DaU pertaining to 
these are presented in Table 3. A prion, 


Late 

.Abnormal 

CSF 

Per cent 

Duration of Treatment 
(Days) 

Per cent in 

Observed 

Relapse 

See. 

With 

35i 


10 

Per cent 

31 

2G 

17 

53 

29 

7 

44 

22 

24 

48 

28 

11 

19 

38 

19 

51 

30 

11 

34 

26 

20 

50 

30 

8 

34 

27 

20 

50, 

30 
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are included in the serologic trends until 
either clinical relapsef or the initial 
evidence of a subsequently confirmed sero- 
relapse occurred, it is important to deter- 
mine the extent to which each group under 
consideration is weighted with those 
patients who ultimately relapsed. Relapse 
subsequently occurred in 10 % of patients 
with seropositive primary sj'philis, in 
10% with early secondary sj'philis, and 
in 6 % with late secondary syphilis. Thus, 
this factor could not have contributed to 


* Ap judKwi by xihiniato rolapso, the Ic.ast efficacious of these 3 treatment schedules appears to l>c 
the shortest in duration (S-'I da>*s). There is as yet no clear-cut difference between the 7’i and 10 da%' 
*«d\c\iuU's. 

^ t Because of the difficulty of diffcreniiatinc reinfection from relapse, the reappearance of infectious 
lo'ions followtnj: treatment has IxMjn considered a treatment failure, i.o., relapse. 
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the observed serologic response.* It 
would appear, therefore, that duration of 
infection per se accounts for the retarda- 
tion in rate of fall of serum reagin. 

Other factors are apparently of less 
importance in regard to serologic response. 
In Fig. 6 it was noted that Negro females 
seemed to remain seroresistant longer than 
other race and sex groups. Other re- 
lated factors are studied in Table 4. 
It is seen that (1) a higher proportion 
of Negro females (44%), had lafe sec- 
ondary syphilis, i.e., longer duration of 
infection, than any of the other groups, 
(2) a higher proportion of Negro females 
(24%) than of any of the other groups 
received the shortest and presumably the 


These differences may not be significant, 
yet it is of importance to determine 
whether factors existing in tlie basic 
material (Table 5) can account for the 
observed variations. The group which 
showed the slowest response in Fig. 7 
(under 20) was composed of 62% Negro 
females. Seventy-eight per cent were pa- 
tients with secondary sj^hilis. The 35 and 
over age group contained slightly but not 
significantly more late secondary syphilis 
than the youngest age group. The age 
group showing the most prompt response 
(25-34 years) had the highest proportion 
of patients with primary syphilis. The 
presence of abnormalities in the cerebro- 
spinal fluid again did not seem to influence 


TaBCE 5. — IllPORT.VNT VARIABLES jVcCORDlN'G TO AOE 


, ^ Stage of Disease Abnormal Duration of Treatment 

Number Race and Sex Per cent With CSF (days) Ob“er>cd 

Age Group of Per cent With Seroneg. Seropos Early Late Per cent Per cent in Relapse 
(years) Patients CM CF WM WF Prim Prim. Sec. Sec With 7M 10 Percent 


Under 20 

53 

25 

02 

2 

11 

9 

13 

40 

38 

15 

17 

57 

20 

13 

20-24 . 

64 

22 

31 

16 

31 

9 

25 

36 

30 

23 

20 

48 

31 

9 

25-34 . 

6S 

34 

13 

29 

24 

10 

29 

29 

31 

38 

26 

4G 

28 

r 

35 & over 

23 

35 

4 

20 

35 


26 

30 

44 

30 

9 

57 

35 

4 

Total . 

20S 

28 

30 

IS 

24 

9 

24 

34 

34 

27 

20 

50 

30 

9 


least efificacious treatment schedule, (3) 
cerebrospinal fluid abnormalities were not 
related since the Negro female group had 
tlie lowest percentage of abnormalities, 
and (4) subsequent relapse was not an 
important factor since an equal proportion 
(11 %) of Negro females and white males 
suffered relapse. Altliough the longer 
duration of the disease and the shorter 
treatment schedule may have been con- 
cerned in the prolonged serologic response 
recorded in the Negro female group, it is 
entirely possible that this is a chance 
observation based on insufficient data, 
and that with a larger series of patients 
this would not hold true. 

The effects of age %vere seen in Fig. 7. 


the rate of fall of serum reagin, since the 
incidence of these abnormalities was high- 
est in the age group showing the most 
rapid serologic response. Similarly, treat- 
ment, measured in terms of duration, 
seemingly was not concerned in this 
response. Relapse, in view of its distribu- 
tion bi- age groups — under 20 , 13 %; 20-24, 
9%; 25-34, 7%; 35 and over, 4%— may 
have exerted a retarding influence, .since 
the group with the highest incidence 
showed the most prolonged response. 

From these tables there are no indica- 
tions that invasion of the central ncrvou.s 
system by T. pallida has an appreciiilile 
effect on the rate of fall of serum reagin 
providing treatment has been adequate. 


* The proportion of relapses in the 3 dhaRnostic categories does not corresfwnd rvitii I^agJeV tnudi 
larger e.xpcriencc Kasod on the results of semi-iatensivc arsenical treatment of -f.SSS patients inTh enrix 
s>-philis.‘ In his material, there was a linear relation between relapse and duration of infection, a higher 
percentage being observed after scoondatj' than after seropositive primarj- sj-philis. In the preient 
raaterwl, a total of only 19 relapses (17 mueocutancous, 2 serologic alone) have thus far ocairred. 
Several of the primao* syphilis group classifieil as relapse, probably if not certainly, represent instances 
of reinfection. The difference in the incidence of relapse in early and in late secondary s> 7 >hilis is not 
significant. 
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On the contrary, there is evidence both 
in the present study and in the material 
of Crosby and Campbell that the blood 
serologic response is independent of the 
presence or absence of abnormalities in 
the cerebrospinal fluid. 

Summary. 1. The serologic response 
during the first year following penicillin 
therapy is recorded in 208 patients with 
previously untreated primary or second- 
ary syphilis. Serologic trends are com- 
pared with previously published observa- 
tions during arsenical therapy. The 
effects of age, race, sex, duration of infec- 
tion, and asymptomatic neurosyphilis on 
serologic response are considered. 

2. The serologic response observed dur- 
ing the first 8 weeks following penicillin 
therapy for early syphilis is comparable to 
that previously reported during weekly 
treatment with the several arsenical drugs. 
Since some of these latter agents are known 
to be therapeutically inferior, this obser- 
vation reemphasizes the fact that, in the 
final evaluation of antisjTihilitic drugs, 
serologic response is not an all-important 
criterion of therapeutic efficacy. 

3. In a comparison of tlie serologic 
response during the first 8 weeks following 
penicillin with that previously recorded 
during weekly arsenical treatment by 
stage of disease (seropositive primary, 
early secondary, and late secondary sj^ph- 
ilis), an apparent rcttirdation in tlie rate 
of fall of scrum reagin following penicillin 
was observed. 

4. The serologic trends recorded during 


the first year following penicillin therapy 
provide e\ddence of a linear relationship 
between duration of infection and rate of 
fall of serum reagin — the longer the dura- 
tion of disease, the slower the serologic 
response. 

5. A study of the serologic response by 
age, race, and sex demonstrated, in this 
material, a delayed rate of fail of serum 
reagin in Negro females and in the young- 
est age-group (under 20 years). Evidence 
is presented that the retarded response 
observed is related (in these groups) to a 
higher percentage of patients who had 
(o) longer duration of disease, {b) the least 
efficacious treatment scheme, or (c) a high 
incidence of subsequent relapse, or to a 
combination of these factors. 

6. The presence of early asymptomatic 
neurosyphilis exerted no apparent retard- 
ing effect on the rate of fall of serum 
reagin. 

7. The importance of the several factors 
which influence results in comparative 
serologic studies is discussed. These in- 
clude (1) the statistical method of analysis, 
(2) variations in sensitivity of serologic 
tests for syphilis, (3) differences in methods 
of reporting quantitative results and in 
defining the end-point in quantitative 
techniques. The lack of correlation in 
this study between the serologic response 
following penicillin and that recorded 
during the first 8 weeks of arsenical ther- 
apy when compared (1) by drug and (2) by 
stage of disease is related to these statis- 
tical and technical factors. 
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That sulfonamides given by mouth are 
absorbed to the same extent no matter in 
what pharmaceutical form they may be 
administered, is the commonly accepted 
opinion. Evidence to the contrary has 
been presented in a few papers, notably 
that of Reinhold, Phillips and Flippin.^ 
The report of the work of these authors 
was published in the August 1945 issue 
of this Journal, shortly after the experi- 
ments to be described below were begun. 
Reinhold ct al. have reviewed the perti- 
nent literature, from which they drew the 
conclusion that it had been shorni that 
"in microcrystalline form tlie activity (of 
sulfonamides) is enhanced, but the infor- 
mation available is limited.” Describing 
their ovm experience with patients from 
the medical wards of the Philadelphia 
General Hospital, Reinhold, Phillips and 
Flippin found that microcrystalline sulfa- 
diazine was absorbed into the blood stream 
and excreted in the urine more rapidly 
during the first 6 hours after administra- 
tion than was sulfadiazine given in tablet 
form. The experiments to he described 
herein were performed upon healthy, 
human volunteers. The results confirm 
those of Reinhold r( al. in showing that 
the smaller the particle size of adminis- 
tered sulfadiazine, the faster the absorp- 
tion and elimination; at the same time, a 
considerable body of new data is presented 
upon the metabolism of these different 
sized particles of administered sulfadiazine. 

Technique. The 3 pharmaceutical forms 
of sulfadiazine investigated were as follows: 


The first consisted of tablets of sulfadia- 
zine purchased on the open market. The 
second preparation was composed of 
micronized sulfadiazine suspended in an 
aqueous vehicle, containing volatile oils, 
flavoring and coloring agents. This material 
was prepared by the Pitman-Moore Com- 
pany of Indianapolis and consisted of sulfa- 
diazine which had been reduced to small 
spheres, somewhat larger in size than the 
microcrystals, by a process of grinding. 
The actual composition of the suspension 
was described to us as follows: sulfadiazine 
10.12 gm., oil of orange 0.002 ml., ama- 
ranth 0.0038 gm., sitro or lemon yellow 
0.0094 gm., citric acid 0.128 gm., benzoic 
acid 0.25 gm., kelgin q.s., sucrose 23.97 gm. 
and distilled water to 100 ml. Reinhold 
et al. found that sugar and flavoring agents 
had no appreciable effect of themselves upon 
the absorption and elimination of sulfadia- 
zine, so that the effect or lack of effect of 
the vehicle and suspending medium was not 
investigated in the present work. The third 
preparation consisted of microcrj'stalline 
(semi-colloidal) sulfadiazine suspended in 
the same medium as the micronized material, 
the size of the microciystals being of the 
same order as those employed b}- Reinhold 
ct al. in their suspension. Both of these 
latter preparations were prodded us by the 
Pitman-Moore Company and we are also 
indebted to the same Company for a grant- 
in-aid of this research. 

Each preparation was given to a total of 
30 healthy, human volunteers, in a dose 
containing 4 gm. of the drug, at 10 A.ii. 
on the morning of an experiment. At the 
same time, the volunteers drank 1 pint of 
water. At intervals of 0.5, 1, 2, 4 and 
6 hours after administration of the drug, a 


♦ This pnper svn.s presented in preliminary form at the annual meetinc of the .American Society for 
Phsrmncolofrj' snd Experimental Therapeutics* Atlantic City, ^^arch 
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sample of oxalated blood was obtained as 
well as the volume of urine which had accu- 
mulated during the several intervals. Total 
and free (and bj^ difference, combined) sulfa- 
diazine were estimated upon an aliquot of 
whole blood and upon an aliquot of the 
oxalated plasma, at each interval. The 
volume of urine was noted and total, free 
and combined sulfadiazine determined upon 
each sample before and after centrifuging. 
The method used for estimating sulfadiazine 
was a slight modification of the technique 
of Bratton and Marshall.* Upon each 
sample of urine, a test for albumin was made 
and the pH determined with the aid of a 
Coleman pH electrometer. The centrifuged 
specimen of urine was ex'amined microscopi- 
cally for crj'stals of acetylated sulfadiazine, 
red blood cells, white blood cells and casts. 
In addition, a close record was kept of the 
clinical condition of the volunteer with the 
especial object of detecting any signs of 
untoward -reactions or to.xic effects. 

The experiments were rotated so that at 
any one time, approximatelj' equal numbers 
of volunteers had been allocated to each of 
the 3 preparations. The results were tabu- 
lated and the means, standard de\dat{ons 
and errors of the means and Pearson's co- 
efficients of variation calculated after the 
formula; of Hill.* 


and gave higher blood levels of sulfadia- 
zine than did the tablets. Also, the sus- 
pension of microcrystals was absorbed 
more rapidly and produced higher con- 
centrations of the drug in blood than did 
the suspension of micronized powder or 
the tablets. In almost all instances, the 
standard error of the mean difference be- 
tween blood values at any given interval 
after administration of the 3 preparations 
was many times the mean difference, thus 
making the possibility of the mean differ- 
ence occurring by chance extremely un- 
likely. Thus, for example, the standard 
error of the mean difference at 0.5 hours 
in the concentration of total sulfadiazine 
in whole blood after gi\'ing tablets versus 
after the micronized powder was about 
4 times the mean difference, making the 
chances .approximately 1 in 1000 that the 
difference could have been due purely to 
chance. Comparing corresponding v.alues 
.after giving the tablets versus the micro- 
crystals at the same interval, the standtird 
error of the mean difference wjis some 
10 times the mean difference. In the 
instance of the remaining possible com- 
parison of corresponding values at the 
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Whole Blood Sllfadiazise. Values 
for total, free and combined sulfadiazine 
in whole blwid have been sunimarizeil in 
Table 1. From the valiK-s obtainerl. it is 
obvious that the .-usjiension of micronized 
sulfadiazine was absorlied more r.apidly 


same interval, that is after micronized 
powder ri-Tsiis after inicrocrystals. the 
comparable .stati-'tienl figure i^ alHiiit 7. 
Similar caladatiori-. uere made for the 
remaining figuri-^ given in Table I, and 
the probability of the mean differenf- 
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))ei»g due purely to chance drops to alioul 
1 in 20 only in the instances of whole blood 
total and free sulfadiazine at 4 and 6 hours. 

Vaiue.s for whole blood combined sulfa- 
diazine were low and variable as would 
be expected, since it is well known that 
patients upon sulfadiazine therapy have 
little combined sulfadiazine in blood and 
since the value for this fraction is ob- 
tained by difference between free and total 
sulfadiazine, it accumulates the errors in- 
volved in both these estimations, thus 
making the standard deviation of com- 
bined sulfadiazine means extremely vari- 
able. Hence only the mean values for 
combined sulfadiazine have been reported 
in Table 1, since in some instances the 
mean was actually negative and also the 
standard error was often greater than the 
mean. The only significant conclusion 
which jn.ay be drawn from these figures 
is that values for combined sulfadiazine 
arc low; while there were mean differences 
following administration of the difl’erent 
preparations of the drug, no statistical 
significance could be proven for the differ- 
ences. It is possible that the smaller 
sized particles of sulfadiazine produce a 
higher concentration of the combined drug 
in blood, but many more volunteers per 
group would be required to prove this 
.statistically. 

In general, Pearson’s coefficient of varia- 
tion was high for the initial readings at 
0.5 and 1 hour but fell to a moan value of 
aboiit 25 in most instances at 4 and 6 hours 
in both whole blood (Table 1) and blood 
plasma (Table 2). This indicated that 
while early values for blood sulfadiazine 
concentration were rather variable, the 
conccntratiim in each gro\ip became more 
nearly alike after 4 hours. Similar results 
were obtained with values for sulfadia- 
zine in urine, so that no further reference 
need be nuule to Pearson’s coefficient of 
vju-intion. 

The convlusioua to be deri\'ed from tliesc 
re-sult-s are that sulfadiazine is most rapidly 
absorbed when administered by moutli 
in the form of a suspension of microery.s- 
tals, somewhat less rapidly alworhed when 


given a.s a suspension of micronized pow- 
der and least rapidly absorbed when 
taken as tablets. After about 6 hours from 
the time of administration, the concen- 
tration of total and free sulfadiazine in 
whole blood is approximately the same, 
for all -practical purposes, no matter in 
which pharmaceutical form it has been 
given. The concentration of combined 
sulfadiazine in whole blood does not reach 
appreciable values until 0 hours after 
administration, when it averages 5 to 10% 
of the total whole blood sulfadiazine, and 
while the mean values are higher the 
smaller the particle size of the adminis- 
tered sulfadiazine, it was not possible to 
prove a statistically significant difference 
whh the number of samples available. 

Plasma Sulfadiazine. Corresponding 
values for total, free and combined sulfa- 
diazine in plasma have been summarized 
in Table 2, From these results, the same 
general conclusions may be drawn as were 
in the instance of Avhole blood, i. e., that 
microcrystalline sulfadiazine was absorb- 
ed most rapidly, the micronized powder 
next and the tablets least rapidly, vith 
all concentrations of sulfadiazine in blood 
plasma tending to approximate each other 
by tlie end of 6 hours after administration 
no matter in Avhich form administered. 
Almost all concentrations of sulfadiazine 
in blood plasma ivere higher than those in 
whole blood, indicating that during the 
first 6 hours of the experiment at lea.st, 
there is more sulfadiazine in plasma than 
in the red blood cells. There were some 
differences in the distribution of sulfa- 
iliazine between plasma and red blood 
cells following administration of the 3 
pharmaceutical forms of the drug. By 
comparing the mean of ail mean values at 
the 5 intervals studied, the level of plasma 
total sulfadiazine was Il()% of that of 
whole blood sulfadiazine following admin- 
istration of tablets, 143% following ad- 
ministration of the suspension of micron- 
ized powder and 12ff% following adminis- 
tration of the microcrystals. Correspond- 
ing values for plasma-free sulfadiazine were 
! H>, I.3S and 1.33% respectively and airain 
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the values for plasma combined sulfadia- 
zine were so variable as to make a com- 
parison of little significant value. ^Miile 
mathematically there was little difference 
in the distribution of sulfadiazine between 
blood plasma and the red blood cells fol- 
lowng administration of the 3 pharma- 
ceutical forms of the drug, the mean per- 
centage distributions suggest that the 
drug may be present in plasma in rela- 
tively greater concentrations than in the 
red blood cells follo^dng the taking of the 
smaller sized particles of sulfadiazine. 


bled in Table 3. In this table, the resvilts 
are expressed in mg. of the respective 
forms of the drug per 100 ml. of urine, 
and while the volume of urine per stated 
interval varied a good deal from person 
to person, the average volume per interval 
was about the same with each preparation 
of the drug. 

It is apparent that the concentration 
of total, free and combined sulfadiazine 
was greater following administration of 
those preparations which were absorbed 
the more rapidly into the blood stream. 


Table 2. — The Concentratiok of Selfadlazike ik Mg. per 100 Ml. of Blood Plasma Following 
Oral Administration of 4 Gm. op the Drug in Various Ph-armaceutical Forms 

Concentration in blood plasma: mean ^ standard error 


Pharmaceutical form 

0.5 hr. 1 hr. 

2 hre. 

4 hrs. 


0 Iir-i. 


Total Sulfadiazine 





Tablets 

. 0 22 ± 0 04 0 93 ±0.13 

3 1 ±0 23 

C 5±0 04 

7 

1 *0 SO 

Micronized powder . 

. 1 20 ±0 19 2 50 ±0.35 

4 S±0 41 

9 5 =fc0.49 

9 

8±0 59 

Microcrj-stals 

. 1 70 ±0 19 3 20 ±0 34 

5 G±0 40 

9 5 05 

S 

9±0 59 


Free Sulfadiazine 





Tablets 

. 0 2S±0 04 0.92 ±0.14 

3 5 =*=0 41 

G 4*0 59 

7 

5 *0 

Micronized powder . 

. 1.00±0.17 2 10±0.41 

4 C±0 49 

S S±0.47 

8 

9±0 59 

Microcrystals 

. 1 S0±0 IS 3 40±0 29 

o S ^0 33 

9 1 ±0 52 

.8 

5*0 50 


Combined Sulfadiazine 





Tablets 

-0.00 0.1 

-0 4 

0 1 


-0 4 

Micronized powder 

0 2 0 4 

0 2 

0 7 


0 9 

Microcrj-stals 

-01 -02 

-0 2 

0 4 


0 4 


Assuming this to be so, it may be con- 
cluded that the oral administration of 
sulfadiazine in the form of a suspension 
of microcrystals or micronized powder is 
followed by more rapid absorption of the 
drug from the gastro-intestinal tract, 
higher concentrations in Idood plasma, 
less diffusion into the red blood cells and, 
as Hill be shouTi, more rapid elimination 
in urine, than the oral administration of 
sulfadiazine as tablets, at le.ast for the 
first 0 hours after taking the dnig. 

CoNCF.NTIUTlON OF SfLF.ADIAZIXE IN 
Urine. Tlie concentmtion of total, free 
and combined sulfadiazine wil-^ estimated 
in uncentrifuged and well-shaken aliquots 
of urine which had been collected by 
emptj-ing the bladder at the same inter- 
vals that blood was withdrawn, no uncol- 
lectcfl urine being voidctl between these 
intervals. Tlic mean concentrations and 
their standard errors have been iLs^em- 


Tiiis was so until about the 4th hour after 
which the differences were less marked 
and consistent. Up to the 4th hour, mean 
differences in concentration at each inter- 
val between those taking the 3 prepara- 
tions of the drug were of the order of 2..'> 
to 4 times the standard error of the mean 
difference. 

Co.VCE.NTK.\TIO.\ OF SL*LF.\ni.AZI.NE IN 
Ce.ntrifegf.d Uri.ne. It is well known 
that sulfadiazine, especially in the com- 
bined form, is relati%^cly insoluble in urine. 
Since the 2 .suspensions of sulfadiazine- 
produced higher concentrations of all 
forms of the drug in urine than did tiie 
tablets, there was the po-sibility that the 
suspensions might produce a sulfadiazine 
crysmlliiria. To investigate this, each 
sample of urine was centrifuged and an 
alifjuot of the supernatant urine analyzefl 
a-s liefore. Tlie mean values obtained in 
the 3 groups, together with the standard 
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errors of the means, ha^’e been assembled 
in Table 4. By comparing the results 
given in Tables 3 and 4, it is obvious that 
there were no marked differences in the 
concentration of total, free or combined 
sulfadiazine in centrifuged versus uneen- 
trifuged urine. The conclusion may be 
drawn that providing a sufficient volume 


Total Urinary Output of Sulfadia- 
zine. To estimate the total mg. output 
of total, free and combined sulfadiazine 
at the various intervals collected, the con- 
centration of the drug per ml. w'as multi- 
plied by the number of ml. of urine col- 
lected and the means and standard errors 
have been assembled in Table 5. The 


TABi.r. 3 .— The Concentration of Scefadiazine in Mg. per 100 Ml. of Uncentrifooeo Urine 
Following Oral Ad.ministration of 4 Gm. of the Drug 
IN Various Pharmaceutical Forms 

Concentration in urine; mean standard error 


Phnrmacputicnl form 


0.5 br. 

1 hr. 2 lirs. 

4 hrs. 

G hrs. 




7’oial Sulfadiazine 



Tablets 

1 

7±0 21 

8 4=tl.4 31 4 =*=4 0 

112* 9 2 

182*16.5 

Micronized powder 

5 

9=fc0 S3 

21 4=t4.3 47 0=^7 4 

121 ±13 8 

214*21 .7 

Microerystalb 

s 

7±1 40 

30 1 *4 9 69 2 =^9 5 

• 135*11 2 

176*13.6 




Free Sulfadiazine 



Tablets 

. 1 

8 =*=0 20 

7 8d=l 3 28 0±3 5 

99 5* 8 3 

141 *13.0 

Micronized powder 

. 5 

S=fc0.84 

18 8=fc3 2 39 4*5 8 

97 5*13 0 

167*14.7 

Microcrystals 

. S 

0±1 30 

25 7*4 2 01 .4*5 3 

113*10 9 

155* 6 5 



Combined Sulfadiazine 



Tablets . . . 

-0 

1 *0 07 

0 6*0 26 3 4*0 95 

12 5* 2 3 

41 * 4 8 

Micronized powder . 

0 

1 d=0 24 

2 6*0 86' 7.6*2 00 

23 0* 3 0 

47 * 4 0 

Microcry.stals 

0 

7 *0 10 

4 4*0 87 7 8*2 20 

22 0* 2 7 

21* 3 2 


Table 4. -The Concentration of Sulfadiazine in Mg. per 100 Ml. of Centrifuged Urine 
Following Oral Administration of 4 Gm. of the Drug in 
Various Pharmaceutical Forms 

Concentration in centriiuge urine: mean =*= standard error 


I’hnrmiu'initiral form 


0..') lir. 

1 hr. 

2 hrs. 

4 hrs. 

6 hrs. 




Tolal Sulfadiazine 




Tablets 

1 

9*0 35 

7 3*2 0 

.31.6* 5 9 

110*12.7 

178*21.2 

Micronized powder 

6 

9*1 50 

23 S ±5 4 

47 0 * 9 4 

123*17.9 

206*23.0 

Microerystals 

9 

9*2 00 

24 2*5 8 

69 7*17 9 

140*18.0 

192*17.8 




Free Sulfadiazine 




Tablets 

1 

8 *0 26 

7 0*1 9 

28 8 * 5 0 

94*11 6 

145*18.5 

Micronized powtlcr 

7 

3*1 40 

21 4 *5 0 

48 5* 8 0 

107*18 4 

170*20 1 

Microcryst.nls 

9 

3*1 SO 

21 6*4 9 

59 5*13 9 

120*17 8 

163*14 6 



Combined Sulfadiazine 



Tablets 

0 

1 *0 10 

0 3*0.17 

2 8 * 0 56 

16* 2 3 

33* 4 3 

Micronized powder 

-0 4*0 21 

2 4 *0 82 

0 9 * 2 SO 

16* 2 1 

36 * 5 4 

Mieroery.staK 

0 

0*0 60 

2 6 *0 8S 

10 2* I 90 

20* 2 5 

29 * 5 7 


of water is taken with the drug, there is 
no tlangcr of sulfadiazine crystallnria 
from the 2 stispensions. even tliough the 
eoneentnition of the drug in urine is a good 
ileal higher tlum following use of the 
tablets. In view of the results obtained, 
however, it would be well to imike eertain 
tiuit a large vttlmue i»f wtiter or other 
fluids be tjikeii if one or other of the sus- 
pensions of snlfadiazinc be used in therapy. 


results indicate that those pharmaceutical 
preparations which were absorbed the 
more quickly into the blood stream, were 
also e.vcreted in greater amount in urine, 
even up to 4 and 0 hours after administra- 
tion. \Mtli a few e.xeeptions, the differ- 
ence between the mean total mg. outputs 
of the 3 pharmaceutical forms of sulfa- 
diazine was of the order of 2. .5 to 4 times 
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T\ble 5.— The Total Mg. Output of Sulfadiazine in Urine Folloiaing Oral Aduinibtratiov 
OF 4 Gm. of the Drug in Various Pharaiaceutical Forms 


Mg output of sulfadiazine, mean * standard error 


Phnrmaceutical form 

0 to 0 5 hr. 0.5 to 1 hr. 

1 to 2 hro 

2 to 4 hrs. 

4 to 6 hr? 



7’otal Sulfadiazine 




Tablets 

1 79 ±0 

30 6 19=t0 97 

25 4=t2 5 

128=tl3 0 

190=1=32 3 

Micronized poudei 

4 40 ±0 

51 10 70*2 00 

37 2=1=3 7 

141 =1=15 1 

228=1=24 1 

Microcrj stals 

0 40 ±0 

52 18 90=1=3 00 

57 5=^7 0 

200=1=20 2 

216=1=18 8 



Free Sulfadiazme 




Tablets 

1 96 ±0 

29 6 02=t0 91 

23 2=1=1 2 

115=1=12 4 

153=*“17 S 

Micronized ponder 

4 10=1=0 

4S 9 50=*=! 50 

32 4=1=3 1 

125=1=11 9 

186=1=19 1 

Microcrj’stals 

5 40=t0 

63 16 40=1=2 30 

46 0=1=5 3 

170=1=17 6 

162=1=19 8 



Combined Sidfadiazinc 




Tablets 

0 17 

0 17 

o o 

13 

37 

Micronized pondei 

0 3 

1 2 

4 S 

16 

42 

Microcrystals 

1 0 

2 5 

11 5 

30 

54 



Ik: 1. — Tho •> hour output of -ulfadminr' m iinno nfto" admm'-’rntior' of t* r linig m tli<- form o' 
rah!e!‘. n mirro'uri'd pon-der '■u*p''u» on ard tr- a • on <■' m eT,<-rj >ta!». eomii'ired iru!, n rep'o'*-’'- 

tatlAe pxamp'e of th' ro’-co-’-afo- i-. b'ood jd i-ria 
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the standard error of tlie mean difference 
at each interval. 

The total mg. output in urine of total, 
free and combined sulfadiazine was calcu- 
lated for the 6 hour period and for each 
pharmaceutical form in which the drug 
had been given. The results were aver- 
aged and these averages have been shown 
as a block diagram in Figure 1. To avoid 
a chart of confusing appearance, the 
standard errors of the means have not 
been indicated in Figure 1, but in the case 
of each form of the drug in urine, there 
was a significant difference between the 
pharmaceutical forms of the drug. In 
order to show that the accumulated urin- 
ary output of sulfadiazine varied with 
the concentration in blood, except in the 
case of combined sulfadiazine, the con- 
centration of the drug in blood plasma 
at the middle (2nd hour) interval was 
selected as representative of the blood 
levels and included in Figure 1, The data 
charted in Figure 1 summarize in a visual 
manner the main relationships found be- 
tween blood and urine values and illus- 
trate the quantitative differences in metab- 
olism of the 3 types of sulfadiazine used 
in this study. 


this jmepariition is used, there should be 
given plenty of fluids with or without alkali 
therapy as well. 

The sediment of centrifuged specimens 
of urine was examined for crystals of free 
and combined sulfadiazine. In only a few 
instances were crystals found present, 
which was probably due to the fact that 
a considerable volume of water had been 
taken with the drug. Similarly there were 
little or no albuminuria, red blood cells, 
white blood cells nor casts found present 
in the urine. 

Reactions to Sulfadiazine. During 
the course of this and of a following in- 
vestigation, in which lactates were added 
to the suspension of microcrystals, sulfa- 
diazine was given a total of between 150 
and 200 times, A majority of the volun- 
teers had had sulfadiazine therapy at least 
once before for some infection. It was 
expected, therefore, that there might have 
been some sensitization to the drug as 
occurs for example with sulfathiazole and 
a detailed clinical record was kept of each 
volunteer during and for a period up to 
almost a year in .some cases after the 
e.xperiment. In 1 volunteer, there was a 
slight urticarial rash the day after taking 


Table G.— The Efeect of Oral Admi.nisthatioX' of 4 Gm. of Sulfadiazine in Various 
Pharmaceutical Forms Upon the pH of Urine 


rharm.icciitieal form O..*) lir. 

Tablets 5 9 

Micronized powder . . . 5.5 

Microcrystals . . . .54 


General Examin.ation of the Urine. 
Since damage to the kidneys is a fairly 
common reaction to sulfadiazine therapy, 
!i general examination was made upon 
each sjunple of urine. The pH of urine 
wa.s determined with the aid of a Coleman 
pH electrometer and the mean values have 
hecn assembled in Tabic G. The pH of 
urine was not markedly affected by ad- 
initiist ration of these drugs. Mo.st values 
were slightly on the acid side of normal. 
The most acid pH values were found fol- 
lowing the use of the suspension of micro- 
crj-stals which again suggests that when 


Mean pH of urine 


1 hr. 

2 hns. 

4 hrs. 

6 hrs. 

5 9 

5 S 

5 7 

5 S 

5 8 

5 6 

0 G 

5 7 

5 7 

5 5 

5 5 

5 5 


the drug but this rash did not appear 
again when the same person was given a 
second dose of sulfadiazine some 2 to 
3 week.s later. .Apart from this question- 
able reaction, there were no toxic effects 
noted in any of the volunteers. 

Summary. Sulfadiazine was adminis- 
tered orally in 3 forms, (a) as tablets, (h) 
as a suspension of crushed or micronized 
powder and (c) as a suspension of micro- 
crystals, in a dose of 4 gm. of the drug 
with 1 pint of water, to a total of 90 human 
volunteers, 30 given each preparation, 
with the following results: 1. As indicated 
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l)y estimation of wiiole Ijlood and blood 
plasma sulfadiazine at inten-als from 0.5 
to 6 hours after administration, the drug 
was found most rapidly absorbed from 
the gut when given as microcrystals, ne.xt 
most rapidlj' as the micronized powder 
and least rapidly as the tablets. 

2. Si.x hours after administration, the 
concentration of sulfadiazine in blood was 
almost the same no matter in which form 
it had been given. 

3. The concentration of combined sulfa- 
diazine in blood did not reach appreciable 
values until about 6 hours after adminis- 
tration, at which time the concentration 
was higher following the use of the micron- 
ized powder and microcrystals. 

4. There was some indication that when 
sulfadiazine is given as the micronized 
powder or as microcrystals, it passes from 
plasma into the red blood cells to a rela- 


tively less e.vtent than when given as 
tablets. 

5. The concentration of total, free and 
combined sulfadiazine in both centrifuged 
and uncentrifuged samples of urine col- 
lected at the same intervals as blood was 
withdrami, was greatest following ad- 
ministration of the microcrystals, ne.’it 
following the micronized powder and least 
following the tablets. Values for the 
total output of sulfadiazine in urine 
roughly paralleled the blood values. 

6. Little or no evidence was found 
of sulfadiazine crystalluria or of renal 
damage. 

7. The urinary pH was on the acid 
side of normal, the most acid urine being 
obtained after use of the microcrystals. 

S. Although many and probably mo.st 
of the volunteers had had previous sulfa- 
diazine therapy, there were no untoward 
or to.xic reactions to the drug. 
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In a previous communication,^ it was 
shown that administration of a suspension 
of microcrystalline sulfadiazine possessed 
certain advantages over the use of tablets 
in that higher concentrations of the drug 
were obtained in blood and attained more 
quickly. At the same time, use of the 
suspension of microcrystals was followed 
by higher concentrations of the drug in 
urine, thus increasing the danger of sulfa- 
diazine crystalluria and renal damage. To 
avoid these latter effects, a large fluid 
intake, preferably with alkali therapy as 
well, is indicated when these suspensions 
are employed therapeutically. 

Sodium bicarbonate is the drug com- 
monly employed to render the urine more 
alkaline during systemic sulfonamide ther- 
apy. However, there are several disad- 
vantages in the use of sodium bicarbonate, 
especially if it is to be added to an aqueous 
preparation of sulfonamides, such as the 
suspension of microcrystalline sulfadiazine, 
and kept for some time before use. To 
affect appreciably the pH of urine, several 
grams of sodium bicarbonate must be 
taken by mouth. If dissolved in an aque- 
ous preparation, such as the suspension 
of microcrystalline sulfadiazine referred to 
above, it slowly decomposes into the much 
more strongly alkaline sodium carbonate, 
with liberation of carbon dioxide, even at 
room temperature. The presence of alka- 
line sodium bicarbonates and carbonates 
would in time cause decomposition of 
various ingredients of the suspension of 
micmcrystalline sulfadiazine previously 


employed.^ Sodium bicarbonate is soluble 
in water only to 10 % or less, thus requir- 
ing a large volume dose of any sodium 
bicarbonate-sulfadiazine aqueous prepa- 
ration. If an aqueous, pharmaceutical 
preparation of sulfadiazine happened to 
be, or to become, acid in reaction, carbon 
dioxide would be set free from any added 
sodium bicarbonate. These incompati- 
bilities would render unstable and useless 
any combination of sodium bicarbonate 
and sulfadiazine in an aqueous pharma- 
ceutical preparation meant to be kept for 
any length of time. 

On the other hand, sodium lactate is 
readily soluble in water, forming a solu- 
tion which is stable, about neutral in reac- 
tion and, when taken by mouth, it is 
converted into sodium bicarbonate in the 
body, so that the net pharmacologic 
effect is similar, after absorption, to that 
of giving sodium bicarbonate. We have 
therefore studied the effect on absorption 
and elimination in the body, of a suspen- 
sion of microcrystalline sulfadiazine, simi- 
lar in composition to that prewously de- 
scribed, to which had been added 8.5 gm. 
of sodium lactate per 100 ml. of the sus- 
pension. The resulting preparation had a 
pleasant taste, the most pleasant of all 
of the suspensions of microcrystalHne sulfa- 
diazine studied in this and the prewously 
reported investigation.* 

Ohnysty and Wolfson"* tried potassium 
bicarbonate in place of sodium bicarbo- 
nate, on the grounds that potassium bicar- 
bonate is diuretic and does not promote 


♦This p.<\pcr was presented in preliminao' form at the annual meeting of the American Society 
for Phurmacologj' and Experimental Therapeutics, Atlantic City, March 1946. 
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retention of water in the extracellular 
body fluids as does sodium bicarbonate. 
They found potassium bicarbonate effec- 
tive in preventing sulfonamide crj'stal- 
luria. Therefore it was decided to compare 
sodium and potassium lactates and a fur- 
ther suspension of microcrystalline sulfa- 
diazine, similar in composition to that 
pre\dously described* but with the addi- 
tion of 8.5 gm. of potassium lactate per 
100 ml. of suspension, was investigated. 
The latter preparation was somewhat 
bitter and mueh less pleasant to the taste 
than was the preparation made with 
sodium lactate. These 2 preparations of 
lactates, together mth the simple suspen- 
sion of microcrystalline sulfadiazine, were 
made and placed at our disposal by the 
Pitman-IMoore Company of Indianapolis, 
which company also proWded us with a 
grant-in-aid of this research. 

Technique. The suspensions of micro- 
crj’stalline sulfadiazine with sodium and 
with potassium lactates were each given to 
30 healthy, luunan volunteers, in a dose 
equivalent to 4 gm. of sulfadiazine, and the 
results compared iWth those prenously re- 
ported for the microcrj’stalline suspension 
m'thout the lactates.' Each volunteer voided 
his or her urine at 10 a.m. the day of the 
experiment and then took the respective 
.suspension of the drug, together wtli a pint 
of water. At intervals of 0..5, 1, 2, 4 and 
G hours after administration, a s-amplc of 
oxalatcd blood was obtained and the accu- 
mulated volume of urine collected, no urine 
hanng been voided and di.=cardcd between 
intervals. Determinations as dcscribe<l 
Iwlow and identical to tho-c jirevioudy re- 
jwrtcd" were made, sulfadiazine being (s^ti- 
mated by a .slicht modification of the inetliod 
of Bratton and Marshall.” The results were 
statl'tically analyzed as in the previous 
communication,' u-ing the fo.nnula- of Hill.- 

Blood SfLFADtAZi.sE. Means and their 
standard errors for the coneentmtion of 
total, free and ct)mhtncd ftilfndinzine in 
oxalatcd whole blood have In-cn .-i-'sembled 
in Table 1. The adrlitfon of lactates sit:- 
nificantly acceleratc<l the nite of ab'Ori>- 
tion of sulf.-idiazinc from the .suspension 
of the microcrystals. In thL respect. 


sodium lactate was more effective than 
potassium lactate. The effect lasted until 
about the 4th hour after administration, 
after which there were no significant dif- 
ferences in the concentration of total and 
free sulfadiazine in whole blood. The 
concentration of combined sulfadiazine 
was low and variable and the values of so 
little significance that only means have 
been given in Table 1. 

Differences in the concentration of sulfa- 
diazine in blood plasma (Table 2) were of 
the same nature as those in whole blood, 
the lactates accelerating the absorption of 
microcrystalline sulfadiazine during the 
first 4 hours after administration. During 
the first 2 hours after administration, the 
average levels of total and free sulfadia- 
zine in blood plasma were about 1.3 times 
those in' whole blood, indicating a higher 
concentration in plasma than in the red 
blood cells. For all practical purposes, 
there were no differences in the distribution 
of sulfadiazine between plasma and red. 
blood cells following the giving of tlie 
3 pharmaceutical forms of the dnig. 

The differences in the rate of absorption 
of the 3 preparations of sulfadiazine were 
not due to differences in the pH of the 
suspensions. As measured in a Coleman 
pH electrometer and checketl by color 
indicators, the pH of the susjwnsion of 
microcrystals alone was 3.G, of the micro- 
crystals plus potiissiuni Inctnto .3.5 find of 
the microcrystals plus sodium lactate 5.0. 
I’roin the evidence available, it was not 
possible to explain why lactates accelerate 
the rate of absorption of micro<Ty.-talline 
sulfadiazine. In conclii.sion, of the 5 pliar- 
inaccuticjil prepanitions of .Hiilfadinzine 
studied in this and the j)re^-iou‘.Iy refyjrted 
in%’estigation,' the prepanition of micro- 
ciystaLs with soflitim lactate jirovcfl to be 
the most efIicaciou« in that it wa^ pleasant 
to ta-^te, most qtiickly ale-orlted from the 
gajtro-intt-stinal tract, gave higher erm- 
centratiom: in whole bhyxl and in bhyxl 
pla-ina and. as will lx* fh-'crilyd, was most 
quickl.v excreted in urine and ttiade the 
urine kecst acid, niese results, therefore, 
indicate that in sulfadiazine therapy, the 
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suspension of microcrystalline sulfadiazine 
with sodium lactate, as herein used, is the 
pharmaceutical preparation of choice, 
especially in the therapy of infants and in 


other instances where tablets are contra- 
indicated for one reason or another. 

Urinary Sulfadiazine. The concen- 
trations of sulfadiazine in urine have been 


Tabi.e 1. — The Concentkation of Sulfadiazine in Mg. per 100 Ml. of Whole Blood Following 
Oral Administration of 4 Gm. of the Drug in Varioxts 
Pharmaceotical Forms 


Concontration in whole blood: mean * standard error 


Pharmaceutical form 

0,5 hr. 

1 hr. 

2 hrs. 

4 hrs. 

6 hrs. 


Total 

Sulfadiazine 




Microcryetals 

1 3*0 09 

2 7*0 14 

4.5*0.22 

7.1*0.41 

7 1*0.41 

“ plus K lactate 

1 7*0 13 

2 9*0 27 

4 8*0 22 

6 8*0 26 

6 4 ±0 28 

“ plus Na lactate 

2 0*0 19 

3 6*0 23 

5 4*0 30 

7 4*0 39 

6 7*0 35 


Free 

Sulfadiazine 




Microcryatais 

1 3*0 OS 

2.6*0 14 

4 3*0 16 

6 9*0.32 

6 4*0 53 

“ plus K lactate 

1 8*0 13 

3 1*0 19 

4 8*0 22 

6 8 *0 25 

6.1*0 24 

“ plus Na lactate 

2 3*0 18 

3 7*0 19 

5 6*0 26 

7 0*0 35 

6.4*0 33 


Coininning Sulfadiazine 



Microcrystals 

0 0 

0 1 

0 2 

0 2 

0 7 

“ plus K lactate 

-0 1 

-0 2 

0 0 

0 0 

0 3 

" plus Na lactate 

-0 3 

-0 1 

-0 2 

0 4 

0 3 


Table 2.— The Concentration of Sulfadiazine in Mg. per 100 Ml. of Blood Plasma Following 
Oral Administration of 4 Gm of the Dri<g in Various Pharmaceutical Forms 


Concentration in blood pla-sma: mean ± standard error 


Pharmaceutical form 

0.5 hr. 

1 hr. 

2 hrs. 

4 hrs. 


6 hrs. 


Total 

Sulfadiazine 





Microcrystals 

1 7*0 19 

3 2*0 34 

5 6*0 40 

9 5*0 65 

8 

9*0.50 

" plus K lactate 

2 0*0 21 

4 1 *0 40 

6 2*0 42 

9 0*0 50 

8 

5*0 39 

" plus Na lactate 

2 7*0 36 

5 2 *0 34 

7 7 *0 51 

10 3*0 47 

9 

1 *0 56 


Free 

Sulfadiazine 





Microcrystals 

1 8*0 18 

3 4 *0 29 

5 8*0 33 

9 1 ±0 52 

8 

5*0 50 

“ plus K lactate 

2 0*0 21 

4 2 *0 .32 

0 4*0 43 

9 1 *0 44 

8 

3*0 39 

“ plu.s Na lactate 

2 9*0 29 

4 9*0 31 

7 5*0 42 

9 9 *0 58 

8 

4*0 49 


Combined Sulfadiazine 




Microcrystals 

-0 1 

-0 2 

-0 2 

0 4 


0 4 

" K Lactate 

0 0 

-0 1 

-0 2 

-0 1 


0 2 

“ Na lactate 

-0 2 

0 3 

0 2 

0 4 


0 7 


Table 3.— The Concentr.ation of Sulfadiazine i.n Mg. per 100 Ml. of Uncentrifuged Urine 
Following Oral Administilation of 4 G.m. of the Drug in 
Various Pharmaceutical Fob.ms 


Phnrmaccutirnl form 

Microcrystab 

“ plus K lactate 
plus Na lact.ntc 


Microcrysf.als 

*' plus K lactate 
“ plus Na lactate 


MicrorL\"st.nI' 

“ plus K lactate 
plus N.a lactate 


Concentration in unne: mean =<= standard error 


0.5 hr. 

1 hr. 


2 hrs. 


4 hrs. 

6 hrs. 


Total Sulfadiazine 







S T * 1 

4 

30 1* 4 9 

69 

2* 

9 

5 

135*11.2 

176*13 6 

S 0*1 

2 

35 9 * 5 4 

67 

4* 

9 

1 

140*12 1 

244 *22 0 

9 7 *4 

0 

4S 8*13 8 

105 

0* 

10 

2 

190*18 0 

232 *20 5 


Free Sulfadiazine 







. S 0*1 

3 

25 7 * 4 2 

61 

4 * 

5 

3 

113*10 9 

153 * 6 5 

7 5*1 

1 

32 9* 5 1 

62 

0* 

8 

4 

125*11.4 

206*24 1 

S 9*1 

2 

42 4 * 5 3 

95 

5* 

9 

0 

164 *15 S 

217 *18 5 

Combined Sulfadiazine 






0 7*0 

16 

4.4* 0 87 

7 

8* 

2 

<> 

22* 2 7 

21 * 3 2 

0 5*0 

14 

7 0* 0 52 

5 

4 * 

I 

0 

1.5* 2 6 

38* 3 4 

. 0 8*0 

16 

6 4 * 0 54 

9 

5 * 

1 

6 

20* 4 3 

15* 3.9 
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summarized in Table 3. While in general 
the mean levels of total and free sulfadia- 
zine were higher when lactates were added 
to the administered microcrystals, the dif- 
ferences were not statistically significant 
until after about the 2nd hour, when the 
concentrations became a good deal higher 
after use of the preparations containing 
the lactates. The concentration of com- 
bined sulfadiazine varied considerably and 
it was not possible to state that lactates 
significantly affected the results. 


values are given in Table 4. There was 
not much difference in the levels of total, 
free and combined sulfadiazine in centri- 
fuged versus uncentrifuged urine, probably 
due to the large volume of water taken 
nith the drugs and, ns will be shown, to 
the relatively higher values for urinary 
pH when lactates were added to the micro- 
crystalline suspension. 

The total output of total and free sulfa- 
diazine was, in most instances, appreciably 
and significantly higher following those 


Table 4. — The Concentr.ation of buLFADiAZiNE in Mg. per 100 Ml. of Centrifdoed Urine 
Following Oral Administilation of 4 Gm. of the Drug in 
Various Pharmaceutical Forms 

Concentration in ccntriftiRcd urine: mean ^ standard error 



Pharmaceutical form 


O.S hr. 

1 hr. 


2 hrs. 


4 hrA. 

6 hrs. 





Total Sulfadtaztnc 







Microco'stals .... 

9 

9*2.0 

24 2 *5 S 

09 

7 * 17 

9 

140*18 0 

192*17 6 

tl 

plus K lactate 

10 

0*1 2 

35 2 *7 9 

75 

5*12 

4 

142*19 0 

238*23 4 

(( 

plus Na lactate . 

. 9 

4*1 9 

37 5 *S 5 

97 

4 *11 

0 

207*33 7 

290*35 

0 




Frte Sulfadiazine 







Microcrystals 

9 

3*1 S 

21 0*4 0 

59 

5*13 

9 

120*17 8 

163*14 

0 


plus K lactate 

9 

8*2 1 

30 S*0 9 

00 

1*12 

9 

123*17 7 

201*24 

1 

«< 

pliLS Na lactate . 

. 0 

4*1 5 

30 7*7 2 

SO 

2*10 

0 

187*20 5 

240*34 

8 




Combined Sulfadiazine 






Microcrvstals 

. 0 

0*0 00 

2 0*0 8S 

10 

2* 1 

9 

20* 2 5 

20* 6 

7 

<< 

plus K lactate 

0 

2*0 19 

4 4*1 4 

9 

4* 1 

0 

19* 4 

47 * 5 

3 

** 

plus Na lactate 

0 

0*0 2S 

0 8*0 02 

11 

2* 1 

0 

20* 9 0 

44 * 7 

0 


Table 5.— The Total Mg. Output of Sulfadiazine in Urine Following Oilm. Adminiatration 
OF 4 Gm. of the Drug in Various Piiarmaceutical Forms 


.Me, otilFut of •ulfsHi.-iiin*' in nnni-; m'in »■ ztsndnrd error 


rhArmneeutifnl form 


0 0..1 hr. 


O.S-1 hr. 


1-2 l.i 


2-4 lir-. 


4-r, hr*. 


n rt hn 


Mirrorrj'stnl* 

“ plu* K l.nrtntf> 

“ plus Na larfatP 


r, 4 *0 52 
7 3*1 Vt 
S 5*1 0 


Fofaf Sulfwlinzxnr 

•IS 0*3 0 .57 5 * 7 0 200 * 20 2 

23 7*2 7 70 9*0 0 221*10 5 

20 2*3 3 70 5*5 2 22S * 15 1 


210* IS S 
203*18 2 
251 *20 2 


490*43 3 
.580 *.35 S 
.570*30 0 


Mirfocrj'-wU 
“ plus K betatn 
“ pill' Na Imtaie 


MirTOcrj'Sta!' 

“ pSuA K lactate 
“ plus N.a lact.atc 


Free Stilfr.iliazir.f 


5 4*0 0.3 
0 . 8*1 0 
7 9-« 1 0 


If. 4 *2 .3 
21 8*2 0 
2.5 .3 *2 7 


40 0 e 5 3 
00 2*0 3 
f-3 8 * } 5 


170*17 0 
2fK>*15 .3 


102 * 19 8 
225* 18 8 
229 * 17 2 


411*47 0 

.50C,* 30 0 
.520 * 30 I 


I 0 
0 5 
0 0 


2 5 115 .30 

19 17 25 

0 9 0 7 22 


5! 8.5 

38 74 

25 60 


In riew of the rel.oiivcly high oonerntra- 
tions of sulfadiazint' in urine, tlicre wa‘- 
the possibility of a sulfadiazine rry.-tal- 
luria and hena' <-tini:uion- were made 
of the cuiiiccntratinn- of the .^••vern! form.- 
of the sulfonamide iijnui tlie sufiuntatant 
urine of centrifuged .'p.-dinens. Tln-sc 


su'pen'ions of niieroiTystah containing 
lactati-. (Table ’>). On tlie other hand, 
there were no signifieant differences in the 
total output of rriinbined sulfadiazine. In 
the lact cohnnri to the right of Table 5, 
litL- Ik-cii given a sutnination figure for tlv 
output of sulfadiazine in urine o’/er th* 
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period of 6 hours of the experiment, and, 
from the values given in this column, the 
same general conclusion majf be drawn 
as was with the total outputs at the shorter 
intervals. 

General Examination of Urine and Toxic 
Reactions. The addition of lactates to the 
suspension of raicrocrystalline sulfadiazine 
made the urine definitely less acid, as may 
be seen from the mean values for urinary 
pH assembled in Table 6. Of the 2 lac- 


Summary, 1. Sodium and potassium 
lactates were separately added to a sus- 
pension of microcrystalline sulfadiazine 
and each preparation was given orally in 
a dose of 4 gm. of sulfadiazine to 30 human 
volunteers. 

2. The lactates accelerated the absorp- 
tion of sulfadiazine microcrystals from the 
gastro-intestinal tract and gave higher 
initial concentrations of the drug in whole 
blood and in blood plasma. 


Table 6. — The Effect of Oral Administration op 4 Gm. of Sulfadiazine in Various 
Pharmaceutical Forms Upon the pH of Urine 

Mean pH of urine 


Pharmaceutical form 0.5 hr. 

Miorocryatals . . . .54 

" plus K lactate . 5.5 

" plus Na lactate . .55 


tates, sodium lactate was the more effec- 
tive in making the urine less acid. In ail 
of these volunteers, only 1 or 2 instances 
of transient albuminuria were seen, and 
the sediment from the centrifuged speci- 
mens of urine showed little evidence of 
sulfadiazine crystalluria. There was little 
or no evidence of renal damage as indicated 
by the absence or near absence of red blood 
cells, white blood cells and casts in the 
urinary sediment. There were no un- 
toward or to.xic clinical reactions. 


1 hr. 


2 hrs. 

4 hrs. 

6 hrs. 

5 7 


5 5 

5 5 

5 5 

5 7 


6 0 

6 0 

6 1 

6 1 


6 2 

G 3 

6 3 


3. Lactates also accelerated the output 
of total and free sulfadiazine in urine and 
increased the urinary pH. There was no 
evidence of renal damage nor of other 
untoward clinical reactions. 

4. In all these respects, the preparation 
of microcrystals with sodium lactate was 
more effective than the preparation made 
with potassium lactate and in addition the 
preparation made with sodium lactate had 
a much more pleasant taste. 
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HYPOTHERMIA AND ELEVATED SERUM MAGNESIUM IN A PATIENT WITH 
FACIAL HEMANGIOMA EXTENDING INTO THE HYPOTHALAMUS 

By F. William Suotferman, I\r.D., Ph.D. 

philadelphu, pa. 

ANT) 

Maj. Webb Hayjiaker, M.C., A.U.S. 

VTASHIKGTOX. DISTRICT OF COLUMBIA 

' (From the Hospital of the University of Penns3-h-nnia, Philadelphia, and the Army 

Institute of Pathologs’) 


The association of facial and intra- 
cranial hemangiomas has been observed 
fairly often — 82 cases having been re- 
ported up to 1936 (Greenwald and Koota”) 
— but extension of a facial hemangioma 
into the intracranial cavity is indeed rare. 
An infant, in whom a facial hemangioma 
entered the intracranial cavity by way of 
the internal auditory canal, is the subject 
of the present paper. Such an extension 
of the tumor alone would make the case 
noteworthy, but the further spread of the 
tumor to the hypothalamus and the devel- 
opment of hypothermia and an increase 
in the concentration of scrum magnesium 
are points of even greater interest. Hypo- 
thermia, a.ssociated with tumor of the 
hjTiothalamus has been ob.served (Rat- 
ncr,^ Cushing,* Obregia, Dimolesco and 
Constantincsco,-' Foerster,'” and Davi.son 
and Selby’), but an increase in the concen- 
tration of scrum magnesium in such cir- 
cumstances has, to our knowledge, not 
been previously reported. 

Case Report. The p.nticnt, a white female 
infant, was bom on April G, 1030. Jaundice, 
present at birth, persisted for about 3 weeks. 
\Vhcn the infant was 10 d.ays old, a small 
pink papule was observed on her left cheek. 
The papule rapidly enlarged. a=.=uming a 
purplish-red color, and by the time the infant 
was 12 weeks old, had spread over the upper 
left cheek, the left car and postauricular 
area, and the left side of the scalp. It bled 
readily when rubi>ed. or othervri.'e trauma- 
tized. Irradiation of the area failed to check 
the growth. During the I2th week of life 
a thatrii infection of the no-e and phaiynx 
developed and the in.^ant had difUFulty in 
cwallowinc and breathing. Occa^rnally ‘■l.c 
wa® apneic for a- long as 30 -omno®. 


On June 29 the infant, then 12 weeks old, 
was admitted to the hospital of the Uni- 
versity of Pennsjdvania, on the service of 
Dr. J. C. Gittings. Her rectal temperature 
was 98.5“ F. The hemangiomntous lesion 
on the left side of the face and head was 
widespread (Fig. I). Examination of the 



Tio. 1. — Photoermph ?»hoT^in^: tiir rxtfnt nf thr 
Iirmnnciornn. 

eyes rei'caled nothing of .••ignificarirc evrrpt 
a persbtent pupillarj' membrane on the 
right: the fundi shoiml no va'cular abnor- 
malities. I_arj7igo=copic e.xamination di>- 
clo=c-d a small, flat, soft purjilidi-red rna*= 
in the left piriform sinu= and pharynx ■t\hieh 
wa= mo't prominent near the opening of the 
Eust.achian tut)e. RcKTitgenograrn' of the 
.'kull revealed no evidence of intrne.’'an!al 
calcification or demineraliz.ation of the 
calvarium. .\ ‘mail area of inerr-aw-d ilen*- 
ity in the right lung, v.hieh vn* 

.a‘."ril'efi to ateleft.a-ii:. v.a- the only abnor- 
mality ob«n-c<J in ro>;ntcenograrn« of the 
che-^t. 
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Examinations of the blood yielded the fol- 
lowing values: hemoglobin, 10 to 8.4 gm. 
per 100 ml. ; erythrocytes, 3.8 x 10'^ per c.mm. ; 
leukoc}'’tes, 6 to 21 thousand per c.mm. 
(36% neutrophils, 54% lymphocytes, 11% 
monocytes). Urinalysis on several occasions 
was negative except for traces of albumin 
and occasional hyaline casts. Serologic tests 
(Kolmer and Kahn) were negative. 



caloric intake chiriiiK stay in hospital. 

The essential clinical features during the 
last 1 1 weeks of life are illustrated in Figure 2. 
The rectal temperature was subnormal prac- 
tically throughout the entire period of ob- 
.servation. During the last 4 weeks of life, 
the temperature ranged between 94° and 
90° F., and on 2 occasions when a low regis- 
tering thermometer was employed it was 
S8° and 89° F. On admission to hospital 
the infant’s weight was 9 pounds, 3 ounces. 
During the 14th and 15th weeks of life 
diuresis developed and her weight decreased 
from 9.8 to 8.1 pounds. Following this drop 
there was a gradual increase in weight, the 
level at the time of death being 8.9 pounds. 
The infant’s caloric intake was subnormal 
throughout the period of observation, the 
daily average being 189 calories (Fig. 2), 
which is about one-third of the estimated 
daily caloric requirement for a normal infant 
of the same age and weight. Although no 
estimation of the metabolic rate was ol>- 
tained, it is evident that metabolism must 
have been very low, since after the 16th week 
the infant’s weight increased even though 
the caloric intake was only a fraction of the 
normal requirement. 

The results of analyses of the serum elec- 
trolytes are shown in Table 1. The serum 
was obtained from blood removed by cardiac 


puncture and collected under paraffin oil at 
the time of death. Since comparable normal 
values of magnesium and calcium were de- 
sired, anal 5 ’^ses were made of the blood serum 
of 4 normal infants from 2 to 4 months ‘of 
age. The results of these measurements are 
given in Table 2. 156160 compared with 
the established normal values, the concen- 
tration of serum magnesium in our patient 
was increased 67%; serum calcium, on the 
other hand, was decreased 28%. Serum 
total base and chloride also were less than 
normal.-’ Serum inorganic phosphorus was 
increased 95 % above Stearns and Wanveg’s*" 
value for infants 2 to 4 months of age. The 
slight increase in BHCOj is in accord with 
the experimental data of Stadie, Austin and 
Robinson^® which indicated an inverse change 
in bicarbonate of 1 mM per liter for every » 
4° to 5° F. change in bod 5 ’- temperature at 
either constant CO 2 tension or constant pH. 

Throughout the period of observation in 
the hospital, the infant was in a state of 
lethargy. She could be aroused sufficiently 
to take food but when her appetite was 
satisfied she soon lapsed into a semisomno- 
lent state. Crying was rare. During the 
last few weeks of life a peculiar lardy, gela- 
tinous appearance was e\ndent. There was 
no ^^sible edema. Death occurred on Sept. 
17, 1939, in the 24th week after admission 
to hospital. 

Autopsy (12 hours after death). Gross 
Obsenvlmis. An enormous vascular tumor 
covered the greater part of the left side of 
the face, the entire left ear, the left temporo- 
occipital region of the scalp and the adjoin- 
ing part of the neck. The growth, which 
was somewhat elevated above the surface 
of the skin, reached to the outer canthus of 
the eye but did not invade the ej'elids. In 
the region of the ear it extended into, and 
l>artially occluded, the external auditorj' 
meatus. Reflection of the calvarium and 
dura revealed no abnormalities of the lepto- 
nieninges. On removal of the brain a 
moderately friable, somewhat lobulated, 
grayish-pink mass of tissue was found in 
the left cerebellopontile angle, where it was 
finnh- adherent to the leptomeninges and 
indented the tonsil of the cerebellum and 
inferior portion of the pons. Laterally the 
mass was attached to the adjacent dura. 
It al.«o filled the internal auditorj- canal and 
the middle ear, and was coe.xtensive with 
the mass in the external auditorj- meatus. 
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In addition, a small portion of the tumor and each lobule was surrounded by a zone 
was foimd at the base of the brain, where it of dense collagenous tissue of vaning width, 
encompassed the hj-pophysial stalk and was Within the fourth ventricle, most of the 
firmh adherent to the tuber cinereum. Sec- lobules were covered with a single row of 
tion of the^ brain revealed abundant tumor cuboidal cells resembling ependyma (Figs, 
tissue within the fourth ventricle, continu- 3, A, and 4, B). The entire intracranial 
ous with that in the cerebellopontile angle, portion of the tumor was regarded as a 
The entire ventricular sj'stem was moder- malignant hemangio-endothelioma. 

_ The mass in the left cerebellopontile angle 

The thoracic and abdominal \nscera ap- surrounded and invaded the acoustic (Fig. 
peared normal except for patchy consolida- 3, B) and adjacent cranial nerves to a vari- 
tion of the lungs. able degree, causing moderate degenerative 


Table 1.- 

-Serum Electrolytes ik Intant With Hypothermia 

ComponenL's 

Values 

Deviation from 
normal 

Total base 

13S mEq per L. 

Decrease 

Calcium 

• 4 1 mEq per L. 

Decrease 

Magnesium 

. 3 mEq per L. 

Increase 

Chloride 

93 7 mEq per L. 

Decrease 

Total CO; 

66 A'ot % 

Increase 

BHCO, 

2S 1 mil per L. 

Increase 

Inorganic P 

12 3 mg. per 100 ml. 

Increase 

BPr* 

10 2 mEq per L. 

Decrease 


* BPr = 0.97 (Pr) (pH— o.'JO) where Pr = gm. protein per 100 m). Serum protein = -1.9 gm, per 
100 ml. and pH is assumed 7.4. 

Table 2.— Sercii Akalises in- 4 Xormal Ista-sts, Aged 2 to 4 Months 


Subject 

Ca!cium 
(m£q per L.) 

Magnefium 
(m£q per L.) 

■Web 

5 9 

1 98 

McL 

5 S 

2 02 

Bern 

5 8 

2 05 

Xel 

6 0 

2 12 


Methods. The brain stem was removed changes as manifested by proliferation of 
en masse and dhided into 3 blocks. Each the endoneurium and the sheath cells of 
was embedded in paraffin, seriallj- sectioned Schwann. The tumor in the cerebellopon- 

at 8 microns, and everj' tenth section stained tile angle was continuous through the fora- 

with hematoxj'lin and eosin. The dienceph- men of Luschka with that in the fourth 
alon and adjoining midbrain were sectioned ventricle, and a part of the tumor had 
in the horizontal plane, and the remainder broken through the tela choroidea and pro- 
of the brain stem transi'ersely. liferated extra ventricularly (Fig, 4). Exam- 

Microscopic Findings. The tumor in the ination of serial sections revealed that the 
scalp consisted of m 3 Tiad weU-formed capil- intraventricular pwrtion of the tumor ex- 
laiT,’ channels supported bj' fibroblastic tis- tended from the midpontine region to the 
sue. The lumens of the channels were lined level of the decussation of the pjvamids. 
bv a single laj'er of flat and evenli’ distrib- The tumor had distended the fourth ven- 
uted endothehal cells. No mitotic figures tricle but had not invaded or \Tsibly dam- 
w-ere obseived. Histologically, the picture aged the cerebellum, pons, or medulla 
was that of a benign hemangioma. In the oblongata, e.xcept for the ponticulus of the 
intracranial part of the tmnor (Fig. 3) the left side (Fig. 3, -4.), which was partially 
capillary channels were relatively less numer- disintegrated. The tufts of the choroid 
ous, the main bulk of the tissue being com- ple.xus were displaced by the tmnor but 
posed of spindle-shaped cells of indefinite otherwise appeared normal. The area pos- 
outline, with homogeneous cj-toplasm and trema showed no \’isible abnormalities. A 
irregular^' elongated, finely chromatic nu- small portion of the tumor had reached the 
clei. There were moderate numbers of right cerebellopontile angle (Elg. 4). No 
mitotic figures. The tumor was lobulated, tumor tissue was observed in the region of 




Fig. 3.— Intracranial portions of tho tumor. In A, from the region of the fourtli ventricle, tumoi 
inashCb are attached to the inferior and superior aspects of t!io roof of the fourth ventricle respective^'. 
Tho tissue surrounding tho fourth vcntiicle lias a normal appearance e.vcept at tiie lateral angle of 
tho ventricle where the base of tho ponticulus is partiallj' disintegrated. X 90. (AIP Neg. 95106.) 
In B, from the region of the ccrcbcllopontilc angle, the tumor surrounds and partially invades the 
acoustic nerve. X 30. (AIP Neg. 95102.) 



Fk-.. 4.— The medulla oblongat.a at the mid-olivary level. The main portion of the tumor i^ in the 
region of the left cerebellopontilc angle, loft foramen of Luschka, above the ventricular roof, and within 
the fourth ventricle. Bits of tumor e\-idently escaped from the right foramen of Luschka into the 
adjacent cerobcllopontile angle. The tumor is decidodlj- nodular. The nerve in the lower left part 
of the photograph is probahlj' tho vagus or glossopharyngeal. X 10. (AIP Neg. 95095.) 
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the midbrain, nor uas theie any other ab- 
normality aside from slight dilatation of the 
aqueduct. 

Serial sectioning of the base of the biain 
was done in the horizontal plane, as men- 
tioned previously In the lowest section 
available, i c , at the le%'el of the more infe- 
lior part of the optic chiasm and at the 


anterior wall of the stalk exhibited a inild 
proliferation of glia and a homogeneity of 
the perivascular glial sleeves The encom- 
passing pars tuberalis appeared normal At 
a somewhat higher level (Fig. 5, B), the 
tumor had invaded and destrojmd much of 
the retro-infundibular portion of the ventro- 
medial nucleus The uppermost extension 



Tig. 5.— Honzontal sections through the base of the brain at tho let els of (A) the loner aspect of 
the optic ehiasma, (B) the mid-portion of the chiasma and the lower third of the mammillary bodies, 
and (C) the upper portion of the chiasma and the mid-region of the mamillary bodies In A the 
tumor has destroyed the posterior and lateral walls of the infundibular stalk, the posterior part of the 
median eminence and the lowermost portion of the \ entromedial hypothalmic nucleus The infundibu- 
lar recess of the third i entncle is %asible X 30 (AIP Neg. 95099 ) In B, the r entromedial nucleus 
of both sides is virtually destrojed (AIP Neg 95107) In C, the highest let el at wmeh the tu^r 
grew only the most lateral portion of the t entromedial nucleus is m\ aded X 30 (AIP Neg 9o0 J7 1 
At none of the let els are the optic chiasm (abote) or the mamillary bodies (below) affected bv the 
tumor. 


junctional zone between the neurohypophysis 
and the tuber cinereum (Fig. 5, A), the 
tumor had invaded and almost completely 
replaced the posterior and lateral tt alls of 
the uppermost portion of the hypophysial 
stalk as well as the median eminence and 
the adjacent retro-infundibular part of the 
ventromedial hypothalamic nucleus. The 


of the tumor was at the level of the more 
superior part of the optic chiasm and the 
middle of the mamillarj' bodies (Fig. 5, C) 
Here the tumor was restricted to one side 
of the tuber cinereum, the ventromedial 
nucleus of which it had superficially invaded 
A study of sections at higher levels disclosed 
degenerative changes in the paraventricular 
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Fig. 6.— .fl, Ho^zont.^l section of the hypotlmlamus at the level of the mid-portion of the para- 
ventricular nucleus (P). There is a moderate depopulation of the larper cells composing this nucleus. 
The third ventricle is dilated. The fornix (F) shows no change. X 30. (AIP Neg. 95101.) S, 
Dorsolateral part of the supraoptic nucleus (SO) show.s a slight loss of ganglion cells. (At lower levels 
the ventromedial part of the supraoptic nucleus showed a greater reduction in celts.) No changes are 
visible in the ventromedial (UA/), medial prcoptic (.VP), or lateral preoptic (LP) nuclei, or in the 
lateral h>'pothnlamic area (LH) or the fornix (F). The third ventricle is dilated. X 30. (AIP Neg. 
9.5098.) The arrows are included for purposes of orientation. 



Fm. 7.— Caudal region of the li.vpothal.amus (horizontal sections), showing a tumor nodule at 3 levels 
of the more inferior part of the mamillary Iwdy. In A the tumor is lateral to the mamillarj- body 
(.ID .md Ix'iieath the lateral lij-pothalamic area (L) and the medial aspect of the basis peduncuR (BP). 
In B it is adherent to. and invades superficially the lateral hn>othalamic area, while in C it occupies 
a small circumscrilx'd portion of the lateral hMiothalamic area. In B and C a minor portion of the 
tul'cromamillary nucleus has Ivien replaced by the tumor. (.\IP Neps. 95512-95514.) 
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and supraoptic nuclei, moderate in the 
former (Fig. 6, A) and slight in the latter 
(Fig. 6,5). 

Another tumor nodule ivas found in the 
region of the posterior part of the hypothal- 
amus (Fig. 7). It was small, had proliferated 
in the meninges just lateral to the mamil- 
lary body, and had invaded the more inferior 
part of the lateral hypothalmic area. Only 
a moderate number of cells of the tubero- 
mamhlary nucleus had been destroyed. 
The. lateral mamillary nucleus and the 
nucleus intercalatus were unaffected. 

Study of the other nuclei of the hypothal- 
amus, including the preoptic, suprachiasmic 
and lateral tuberal, revealed no abnormali- 
ties. The optic chiasma was free from 
change. The remainder of the brain also 
was normal. The pituitar}' gland was not 
available for study. Of the other endocrine 
glands, only the adrenal and pancreas were 
sectioned. Neither showed abnormalities. 
Sections from the lungs disclosed acute 
lobular pneumonia. 

Discussion. The pathway by which 
the tumor had entered the intracranial 
cavity was apparent. It had spread 
through the external auditory meatus, 
middle ear, Eustachian tube, and obvi- 
ously had penetrated the labyrinth, for it 
had reached the internal auditory canal 
and entered the intracranial cavity along 
the course of the acoustic nerve. Pro- 
liferating.in the region of the left cerebello- 
pontile angle, it had traversed the adja- 
cent foramen of Luschka, then gained the 
fourth ventricle, from which a part of the 
tumor escaped to the region of the right 
cerebellopontile angle; in addition, frag- 
ments of the tumor had presumably been 
carried by the current of the cerebrospinal 
fluid to the base of the brain where they 
took root in the hypophysial stalk and 
adjacent tuber cinereum as well as in the 
caudolateral part of the hypothalamus. 

In attempting to provide an anatomic 
basis for the hypothermia and the decrease 
in metabolism, only 2 regions come into 
consideration: the lower brain stem and 
the base of the hypothalamus together 
with the neurohypophysis. In regard to 
the lower brain stem, it is well recognized 
in experimental animals that hypothal- 


amic fibers concerned with temperature 
regulation descend diffusely in the teg- 
meiltal region of the midbrain, pons and 
medulla oblongata (Magoun,®® Keller,'* 
Beaton, Leininger and McKinley"), and 
the evidence indicates that the same is 
true in man (List and Peet'®). Since in 
our case the pons and medulla oblongata 
were apparently unaffected by the tumor, 
except for the ponticulus which seems to 
be nothing more than a support for the 
attachment of the choroid plexus, it may 
be assumed that fibers concerned with 
temperature regulation were not compro- 
mised in their passage through this part 
of the brain stem. Especial attention was 
paid to the area postrema ovdng to the 
possibility that it might have been dam- 
aged by the tumor, but no defect in this 
structure was observed. 

It is necessary also to consider the pos- 
sibility that the damage to the hypophysial 
stalk and median eminence may have given 
rise to the hypothermia and the reduction 
of metabolic activity. The lesion had 
destroyed the posterior wall and part of 
the lateral walls of the hypophysial stalk 
as ^vell as the retro-infundibular portion 
of the median eminence. In experimental 
animals such as the rat, neither hypother- 
mia nor a significant decrease in the rate of 
basal metabolism occurs after section of 
the hj’pophysial stalk (Anderson'). A per- 
sistent increase of 0.5° to 1° C. in body 
temperature was observed in dogs in which 
the hypoph^'sial stalk had been sectioned, 
temperature regulation being otherwise un- 
affected (Hemingway, Rasmussen, Ras- 
mussen and WikofF®), but it is quite pos- 
sible that during operation the adjacent 
anterior hypothalamic region was injured. 
Following hypophysectomy, the basal 
metabolic rate is reduced, and the body 
temperature may show a tendency to fall, 
but there is never the degree of hypother- 
nu’a which was observed in our case. In 
34 hypoph.vsectomized dogs studied by 
Soiari"® the bod.v temperature was within 
the normal range in 31; the remaining'3 
had a mild degree of hypothermia, which 
was ascribed to damage incurred by the 
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tuijer cinereum at the time of operation. 
In 2 other dogs in which the tuber cin- 
ereum was cauterized after hypophysec- 
tomy, the body temperature fell markedly, 
in 1 instance reaching 90.5° F. From 
these considerations it appears highly un- 
likely that the lesion responsible for the 
hypothermia in our case was in the neuro- 
hypophysis. Unfortunately the adeno- 
hypophysis was not available for study. 

The hypothalamus was the only other 
structure affected, and here the damage 
was restricted to the more inferior part 
of the ventromedial nucleus bilaterally 
and to a very small portion of the caudal 
part of the tuberomamamillary nucleus 
unilaterally. There was no morphologic 
evidence of injury to cells beyond the 
regions of tumor infiltration. Obviously 
the heat maintenance mechanism was 
functionally inadequate. It is conceded 
that this mechanism is situated in the 
more caudolateral part of the hypothala- 
mus and that the mechanism for heat dis- 
sipation is predominantly anterior in loca- 
tion, 4. c., chiefly in the preoptic and 
supraoptic regions of the h 5 '^pothalamus 
(Ranson,-^ and others). The ventromedial 
nucleus occupies a position midway be- 
tween these 2 mechanisms, and forms the 
bulk of the more medial part of the tuber 
cinereum. That experimentally induced 
lesions of the tuber cinereum lead to hypo- 
thermia has long been knonm (Isenschmid 
and Schnitzler’^) but usually such lesions 
involved both the medial and lateral por- 
tions of the hypothalamus. Blair and 
Keller’ have been able to eliminate the 
thermogenic mechai^ism by destroying the 
gray matter of the caudolateral hypothal- 
amus but the effective lesions always 
damaged parts of the tuber cinereum as 
well. The lateral part of the tuber cin- 
ereum has been regarded as of impor- 
tance in temperature regulation by Clark, 
Magoun and Ranson,® but not the ventro- 
medial nucleus, since body temperature 
remained virtually unaltered when it was 
bilaterally de.stroyed. Stoll.=^® on the other 
hand, adduced evidence that the medial 
hypothalamic rt'gion docs play an imj>or- 


tant role in temperature regulation, but 
he could not limit such activity to any one 
nucleus. Our case would seem to provide 
compelling evidence that the ventromedial 
nucleus is an essential part of the heat 
maintenance mechanism. It is doubted 
that the small unilateral lesion in the 
tuberomamillary nucleus was contribu- 
tory to the development of hypothermia 
since small hypothalamic lesions generally 
do not give rise to symptoms unless they 
are bilateral. 

It was striking in our case that the meta- 
bolic level was lowered to such a degree 
that the body weight was maintained on a 
caloric intake considerably less than nor- 
mally required. Experimentally induced 
lesions of the hypothalamus also have 
been shoum to cause a fall in basal meta- 
bolic rate (Grafe and Griinthal,’^ Griinthal, 
Mulholland and Strieck,” Strieck, Griin- 
thal and Urra,®® Bloch^-®). Thus, in well- 
controlled e.xperiments on cats in ■which 
the tuberal and adjacent regions were 
damaged bilaterally, and the pituitary 
body spared, Bloch^ observed that the 
fall in basal metabolic rate was usually 
relatively greater than the fall in body 
temperature, and that oxygen consump- 
tion was sometimes decreased as much as 
20 to 25% in the presence of a normal 
body temperature. From these observa- 
tions Bloch concluded that though the 
hypothalamic mechanisms of temperature 
regulation and basal metabolism overlap 
anatomically they shoAv a certain degree 
of independence functionally. 

Owing to a similarity in our patient's 
beha\’ior to that of an animal in hiberna- 
tion, especial interest was attached to the 
67 % increase in serum magnesium. The 
increase in serum magnesium resembles 
that seen in certain species during hiberna- 
tion, Suomalainen,®’ for instance, ha\dng 
observed a 70% increase in serum mag- 
nesium in the hibernating hedgehog. In 
hibernation the essential features are 
general torpidity, loss of temperature con- 
trol, and quiescence of the sympathico- 
adrenal system as reflected by a decrease 
in adrenalin content of the adrenals, and 
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hypoglycemia (Suomalainen^O- Efforts 
have been made to determine the factor 
or factors responsible for the increment 
of magnesium in the blood serum in hiber- 
nating as well as non-hibemating animals. 
Steadman, Ariel and Warren/’ testing the 
effect of hypothermia on serum magne- 
sium, found in rabbits in which the body 
temperature had been rapidlj' lowered to 
levels between 55.4° and 71.6° F., that 
the average increase in serum magnesium 
was 24%; they ascribed the increase in 
serum magnesium either to a cessation of 
kidney function, which may have prevent- 
ed the excretion of magnesium, or to the 
cold state, which may have prevented its 
return to its storage sites, mainly the 
bones and muscles. Notwithstanding the 
lethargic pseudohibemation produced in 
these animals, it is well recognized that 
neither lowered temperature nor other en- 
vironmental factor is a sine qua non for 
the development of true hibernation 
(Gorer’’). Cleghom,’ for instance, has 
observed that marmots of the lower Adi- 
rondacks normally go into seclusion in 
September when the weather is warm and 
the food plentiful. 

In viewing the various phenomena 
which go to make up the state of hiberna- 
tion, one is struck most by the torpor. 
This condition is akin to sleep, for as 
Gorer“ has remarked, “ Anybody who has 
dealt with hibernating mammals must 
know that an animal so lethargic as to 
appear lifeless may be awakened if man- 
ipulated at all carelessly.” The site in 
the central nervous system responsible 
for the rhythmicity ndth which sleep fol- 
lows wakefulness is generally conceded to 
be the caudal hypothalamus and adjoin- 
ing rostral midbrain. It seems logical to 
assume that the same may apply to hiber- 
nation, the essential difference between 
sleep and hibernation being in rhythmic-- 


ity. It should be pointed out that iiiim is 
capable of a certain degree of hibernation 
if Volkov’s®’ report is true that peasants 
in the region of Pskov, Russia, spend most 
of the winter asleep before a fire, awaking 
only once a day to tend the fire and to 
eat a little bread. In our patient, whom 
we regard as having been in a state of 
pseudohibemation, the essential lesion 
was hypothalamic. One small unilateral 
lesion was in the region responsible for the 
maintenance of the sleep-waking rhythm, 
while the bulk of the lesion was but a 
short distance aw'ay. WTiether the hypo- 
thalamus can be held responsible for shifts 
in magnesium, in order to modify the 
milieu interne and protect against an un- 
favorable environment, is a point still to 
be determined. 

Summary. In a case of hemangioma of 
of the face which developed into a malig- 
nant hemangio-endothelioma and spread 
rapidly into the intracranial cavity, where 
it proliferated in the region of the cerebello- 
pontile angle, fourth ventricle, and base 
of the third ventricle, there were persistent 
hypothermia, lowered metabolism, and 
increased concentration of serum mag- 
nesium — findings resembling those in nor- 
mal animals during hibernation. The 
tumor bad invaded and partially destroy- 
ed the posterior and lateral walls of the 
hypophysial stalk, the posterior half of 
the median eminence and the more inferior 
part of the ventromedial hypothalamic 
nucleus bilaterally, and a small area of 
the tuberomamillary nucleus unilater- 
ally. 

Conclusion. The symptoms in this case 
are to be ascribed to damage of the ven- 
tromedial nucleus and consequent inter- 
ruption of fibers which descend the brain 
stem as .-^sft of the autonomic nervous 
system.’ 


The authors wish to express their appreciation to Dr. Evelyn .Anderson for her suggestions in the 
preparation of the manuscript. 
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ATTEMPT TO SELECT PATIENTS SUITABLE FOR LUMBODORSAL SYM- 
PATHECTOMY AND GANGLIONECTOMY 
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B. E. Lowenstein, j\I.D. 

AND 

Irvine H. Page, ]\I.D. 

CLEVELAND, OHIO 

(From the Research Dii'ision of the Cleveland Clinic Foundation) 


Some patients with early essential 
hypertension and an occasional patient 
■with malignant hypertension are improved 
dramatically by lumbadocsal sjmipath- 
ectomy and ganglionectomy. A reliable 
method for selecting those patients ■nnth 
arterial hypertension who are suitable for 
extensive sympathectomy has not yet 
been found. Of the -wide variety of tests 
now under examination, none has more 
accurately predicted a good result than 
has the careful grading of the severity of 
the vascular disease (Page and Corcoran^. 
Those with minimal vascular disease and 
those with necrotizing arteriolitis seem 
most favorably influenced by operation. 

The barbituric acid hypnotics do not 
primarily affect the sympathetic ganglia 
or the vasomotor nerves. It is therefore 
not surprising that, although they have 
received ■nude usage, tests emplojdng 
hypnotics such as sodium amytal have 
been signally unsuccessful as methods of 
selecting candidates for operation. 

The inadequacy of the present methods 
of selection has led to the continued search 
for one which would reproduce the results 
of sjunpathectomy by administration of 
a drug. Acheson and i\Ioe' and Acheson 
and Pereira- reported that the tetraethyl 
ammonium ion depressed the function 
of the sympathetic ganglia in cats. 
Ing^ and Ing and Wright® reported that 
of all the sodium salts tetraethyl ammon- 
ium ions bad the least curariform activity. 
Lyons® made preliminary studies to ascer- 


tain whether tetraethyl ammonium bro- 
mide duplicated the results of sympath- 
ectomy in man, and would therefore be 
useful in patient selection. Their initial 
results were encouraging. 

In this report of the effect of the tetra- 
ethyl ammonium ion on 16 hypertensive 
patients studied on the medical service of 
the Research Division of the Cleveland 
Ch’nic, the commercial bromide was con- 
verted into the chloride to avoid the seda- 
tive effect of bromide ions. Eleven of the 
patients had essential hypertension, 4 
malignant hyqpertension and 1 chronic 
glomerulonephritis. Dr. W. James Gard- 
ner, Chief of the Neurosurgical Depart- 
ment, performed the Smithwick tj’pe of 
lumbodorsal sympathectomy on 12 of 
them. 

Method of Study. Tetraethyl ammo- 
nium chloride solutions containing 100 to 
150 mg. per cc. of saline were used after 
sterilization by Seitz filtration. Dosages 
which averaged 33 mg. (range 25 to 51) 
per kg. of body weight were given to the 
first 8 patients by intravenous infusion. 
However, the undesirable reactions were 
so alarming that in the next 8 patients 
doses of from 4 to 7 mg. per kg. of body 
weight were used. These were given bj' 
single intravenous injections. 

The e.xperiments were conducted as 
part of the studies made before hyperten- 
sive patients are subjected to operation. 
For comparative purposes, the results ob- 
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tained with the widely employed “seda- 
tion tests” are included. 

All measurements of blood pressure were 
made in the supine position. Control 
values represent the average of measure- 
ments made twice daily during at least 
7 days rest in bed and serve as a reference 
point for all results reported. 


33 mg. per kg. The change in blood 
pressure began within 1 minute after 
injection and was maximal in 3 to 5 min- 
utes. It was sustained for 10 to 15 minutes 
after which time it gradually returned to 
pre-injection levels (Chart 1). 

The nature of the hypertension, its 
duration, etiology and severity bore no 


Table 1.— Results of Intravenous Injection of Tetraethyl Ammonium Chloride 



Control 

blood 

pressure 

Control 

pulse 

Dosage 

Po.st-injection 

arterial 

blood 

Pulse 

Fall in 
systolic 

Fall in 
diastolic 

Change in 

No. 

(nun. Hg) 

rate 

(mg./kg.) 

pressure 

rate 

pressure 

pressure 

pulse 

1 

. . 160/100 

80 

51 

140/100 

80 

10 

0 

0 

2 

. . 176/110 

78 

40 

110/80 

72 

66 

30 

-6 

3 . 

. . 260/150 

120 

31 

230/140 

140 

30 

10 

+20 

4 

. . 185/130 

88 

30 

180/130 

88 

5 

0 

0 

5 

. . 183/124 

88 

28 

115/80 

96 

68 

44 

+8 

6 . 

. . 220/134 

84 

28 

145/80 

80 

76 

54 

-4 

7 . 

. . 240/140 

90 

28 

190/130 

96 

50 

10 

+ f) 

8 . 

, . 200/130 

SO 

. 25 

125/70 

88 

75 

60 

+8 

9 . 

. . 230/145 

100 

7 

150/116 

120 

80 

30 

+20 

10 . 

. . 180/110 

SO 

6 

110/70 

120 

70 

40 

+40 

11 . 

. . 240/140 

120 

0 

148/110 

96 

92 

30 

-14 

12 . 

. . 200/130 

100 

4 

190/140 

100 

10 

+ 10* 

0 

13 . 

. . 190/120 

140 

4 

140/90 

120 

50 

30 

-20 

14 

160/120 

100 

4 

140/110 

120 

20 

10 

+ 20 

15 . 

. . 220/140 

100 

4 

200/160 

120 

20 

+ 10* 

+ 20 

16 . 

. , 170/115 

80 

4 

100/76 

112 

70 

40 

+32 

Mean . 

. . 200/128 

90 

18 8 

151/104 

103 

49 

24 

+ 8 


* + indicates blood pressure levels above control values. 


Results, (a) Effect of Administra- 
tion OF Tetraethyl Ammonium Chlo- 
ride ON Arterial Pressure and Pulse 
Rate. Of the 16 patients who received 
intravenous injections of tetraethyl am- 
monium chloride, 14 exhibited significant 
reduction of blood pressure (Table 1). 
Nine of them showed a marked fall of 
blood pressure. In 7 of these 9, normal 
levels were observed within 5 minutes 
after injection. Five showed only a mod- 
erate drop of blood pressure (10 to SO mm. 
Hg systolic and 10 to 54 mm. -Hg diastolic). 
The mean change in pressure ivas 49 mm. 
Hg systolic and 24 mm. Hg diastolic. 
The magnitude of reduction of arterial 
pressure was not directly related to the 
size of dose. In S cases an average dose 
of 4.9 mg. per kg. of body weight produced 
a mean reduction in blood pressure of 
52 mm. Hg systolic and 40 mm. Hg dias- 
tolic, compared with a mean fall of 
47 mm. Hg systolic and 2S mm. Hg dias- 
tolic following an average dosage of 


apparent relationship to the degree of fall 
in blood pressure, as shorni by the fact 
that 1 subject with malignant hyperten- 
sion and 1 with chronic glomerulonephritis 
had normal blood pressure levels after 
the injection of 28 mg. of tetraethyl am- 
monium chloride per kg. of body weight. 

No constant effect on the pulse rate 
was observed. One subject experienced 
tachycardia which increased the pulse rate 
by 40 beats per riiinute, but psychogenic 
factors undoubtedlj’ contributed. Three 
patients had no change in pulse rate, and 
4 had slight slowing of pulse rate. In 8 
there was an average increase of 17 beats 
per minute. 

(5) Other Effects of Tetraethyl 
Ammonium Chloride (Table 2 and 
Chart 2). A wide variety of .pharma- 
cologic effects was observed (Table 2). 
They increased in number and intensity 
with increasing amounts of the drug. The 
first phase of the reaction was character- 
ized by mydriasis, ptosis of the lid and 
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numbness and tingling. Mydriasis was a 
constant finding in all 16 patients, and 
was associated with complete cycloplegia 
with doses greater than 10 mg. per kg. of 
body weight. The pupils responded readily 
to pilocarpine, but slowly to physostigmine 
whose action depends upon intact para- 
sympathetic ganglia and the consequent 
liberation of acetylcholine. Some degree 


of ptosis of the lids was observed in 14 pa- 
tients. It appeared early and was often 
e.vtreme. It was not associated with 
enophthalmos, suggesting that paralysis 
of the levator palpebri superioris had oc- 
curred. Numbness and tingling imme- 
diately after injection was noted by 
14 patients. Although most marked in 
the e.vtremities, they were also experi- 



Ch-\rt 1. — Effect on the arterial blood pressure of the intravenous injection of tetraetliyl ammonium 

chloride (0.4 mg. per kg. body weight) . 


Table 3. — Effects of Intravenous Injection of Tetraethyl Ammonium Chloride, Sodium 
Amytal Sedation and Lumbodorsal Sitipathectomy and Ganglionectomy on Arterial 
Blood Pressure 

, Blood pressure 



Control 
blood pressure 

Patient 

(mm. Hr) 

1 

150/100 

o 

176/110 

4 

185/130 

r> 

220/134 

s 

200/130 

9 

230/143 

10 

12 

lSO/110 

200/130 

13 

190/120 

14 

160/120 

15 

220/140 

10 

170/113 

Average 

190/124 


Following intravenous injec- 
tion of tetraethyl ammonium 
chlonde (mm. Hg) 


Lonest 

Degree of 

level 

reduction 

140/100 

10/0 

110/80 

66/30 

lSO/130 

5/0 

145/80 

75/54 

125/70 

75/60 

150/115 

SO/30 

110/70 

70/40 

190/140 

10/-hl0* 

140/90 

30/30 

140/110 

20/10 

200/150 

20/-M0^ 

100/75 

70/40 

144/101 

46/23 


Following sodium amytal 
sedation 


I.owest 

Degree of 

level 

reduction 

120/70 

30/30 

156/100 

20/10 

150/110 

35/20 

154/100 

66/34 

180/116 

20/14 

140/100 

90/45 

130/90 

50/20 

180/130 

20/0 

160/100 

30/20 

135/100 

23/20 

192/105 

28/35 

146/100 

24/15 

154/102 

35/22 


Two weeks after lumbodorsal 
s>Tnpathectomy and 
ganglionectomy 


.Average 

Degree of 
reduction 

120/84 

30/16 

140/90 

36/20 

180/130 

5/0 

220/134 

0/0 

200/126 

0/4 

210/130 

20/15 

194/118 

+ 14/+8* 

190/124 

10/6 

200/120 

+10/0* 

168/110 

+8/10* 

220/120 

0/20 

160/115 

10/0 

184/117 

7/7 


indicates blood pressure levels al>o\e control value*. 
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encecl in the tongue, where they were 
associated with an unpleasant metallic 
taste. 

The second stage of the drug’s activity, 
represented by dryness of the mouth and 
generalized muscular weakness, occurred 
in about half of the patients. Objectively 
the musculature was atonic and voluntary 
motion required much effort. The patients 
complained of lassitude and weakness. 
Nasal congestion was noted by 5 of them. 
It was apparently due to sympatholytic 
activity of the drug, since similar phe- 
nomena appear after bilateral stellate 
ganglionectomy.® 

»- 

I lOl 

ca 

^ 5* 

’N. 

6 0 * 

NUMBNESS a TINGLING 
+ MYDRIASIS a FALL OF B.P. 

PTOSIS a DRY MOUTH 

CYCLOPLEGIA 


to complete inability to speak because of 
muscular weakness. Rest temporarily 
restored control but after a few words 
spoken with obvious effort, the patient 
was again inarticulate. Dysphagia had a 
similar progressive course, until the pa- 
tient was completely unable to swallow. 
Concomitantly, respiration became dif- 
ficult because of relaxation of the neck 
and throat muscles. In 1 patient respira- 
tions depended entirely upon diaphrag- 
matic activity because of complete inter- 
costal paralysis. 

Following injection of 40 mg. per kg., 
1 patient progressed rapidly through the 


INJECTIONS OF 

TETRA-ETHYL ammonium CHLORIDE 


NASAL CONGESTION 
MUSCULAR WEAKNESS 


DYSARTHRIA a DYSPHAGIA 
PARALYSIS OF THROAT 
INTERCOSTAL PARALYSIS 
++ VASOMOTOR COLLAPSE ^ 



TIME IN MINUTES 

+ NOT CONSTANT 
+ + OCCURED IN ONE PATIENT 

Ghaut 2. — Illustration of the pliarnincoloRic efTccts of tetraethyl ammonium chloride. 


The third stage was experienced only 
bj' those patients who received intraven- 
ous infusions of large amounts of tetra- 
ethyl ammonium chloride. The manifes- 
tations seemed to be primarily curariform. 
Dysarthria appeared first. Speech was ini- 
tially slow and studied: later it progressed 


above phases and developed complete 
circulatory collapse. He became cyan- 
otic, lost consciousness and blood pressure 
and pulse were imperceptible. Voluntary 
respiration ceased. Artificial respiration, 
positive pressure oxygen administration, 
and intravenous injection of 2 mg. of 
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prostigmine were necessary to save life. 
After 5 hours he seemed to have recovered, 
except that the blood pressure did not 
return to its previous hypertensive level 
until the next day. Three additional 
patients required intravenous injections 
of 1 mg. of prostigmine for the control 
of alarming toxic symptoms. Rhonchi 
were heard by auscultation in 2 patients. 
One developed a severe asthmatic attack 
which was relieved by intravenous admin- 
istration of 0.5 gm. of aminophjdline. 

Chart 2 illustrates the approximate 
time of appearance and duration of symp- 
toms and signs which develop after 
repeated injections of tetraethyl ammo- 
nium chloride. 

(c) Comparison of Effects of Tetra- 
ethyl Ammonium Chloride, Sodium 
Amytal Sedation and Lumbodorsal 
Sympathectomy on Arterial Pressure 
IN Hypertensive Patients. Twelve of 
the 16 patients were subjected to lumbo- 
dorsal sympathectomy. The blood pres- 
sure of each had been alfected favorably 
by both tetraethyl ammonium chloride 
and sodium amytal sedation before opera- 
tion (Table 3). The average fall in 
arterial pressure induced by each of these 
agents was 46 mm. Hg systolic and 
23 mm. Hg diastolic and 35 mm. Hg 
systolic and 22 mm. Hg diastolic respec- 
tively. Two to 4 weeks after operation 
only 2 of these 12 patients had blood 
pressure levels measured at rest in the 
supine position that were lower than 
preoperative readings. 

Discussion. If tetraeth^d ammonium 
chloride had a highly selective depressing 
action on sympathetic ganglia, it should 
be possible to estimate pharmacologically 
the effect on blood pressure of lumbodor- 
sal sympathectomy and ganglionectomy. 
This would provide a method for selecting 
candidates suitable for operation. How- 
ever, the results presented indicate that 
in addition to its effect on the sympathetic 
ganglia it affects the parasympathetic 
ganglia, sensory nerve fibers and impairs 


motor function. Mydriasis and dry mouth 
represent inhibition of- the parasym- 
pathetic components. All of our patients 
experienced some degree of numbness and 
tingling immediately follovdng injection 
of the drug, suggesting that it acts upon 
sensory nerve fibers as well. Its curari- 
form activity was indicated by dysarthria, 
dysphagia, ptosis and, finally, intercostal 
and diaphragmatic paresis, 

A drug which acts so diffusely in human 
beings might be expected to affect the 
blood pressure in a manner different from 
that of sympathectomy and ganglionec- 
tomy. That this is true is indicated by 
the fact that the degree of arterial pressure 
reduction induced by tetraethyl ammo- 
nium chloride bears no relationship to 
that following sympathectomy. 

Summary. Eleven patients with essen- 
tial hypertension, 4 with malignant hyper- 
tension and 1 with clironic Bright’s disease 
were given intravenous injections of vary- 
ing amounts of tetraethyl ammonium 
chloride to determine whether the reduc- 
tion of blood pressure induced by this 
drug had any relationship to the effect of 
lumbodorsal sympathectomy on arterial 
pressure. Fourteen of the 16 patients 
had appreciable reduction of blood pres- 
sure after tetraethyl ammonium chloride 
as well as after the sodium amytal test. 
Twelve of these were operated upon, but 
only 2 of them had any significant change 
in resting supine blood pressure measure- 
ments 2 to 4 weeks after operation. 

The pharmacologic effects of tetraethyl 
ammonium chloride can be attributed to 
relative depression of the autonomic ner- 
vous system, stimulation of the peripheral 
sensory nerves and curariform action. 
The effects of the drug increased in num- 
ber and in severity with the size of the 
dose. Fall of arterial pressure, mydriasis, 
peripheral numbness and tingling and 
ptosis of the lids appeared first. During 
the next stage the mouth became dry and 
muscular weakness and nasal congestion 
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appeared. Finally, curariform effects be- patient developed vasomotor collapse, un- 
came pronounced and led to dysarthria, consciousness and apnea, but recovered 
dysphagia and intercostal paralysis. One after treatment. 
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THE ROLE OF TRAUMA AS A POSSIBLE ETIOLOGIC FACTOR IN 

REGIONAL ENTERITIS 

The Effect of Non-Penetrating Trauma on the Small 

Intestine of Dogs 

By M. a. Spellberg, M.D.* 

AND 

Alton Ochsner, M.D.f 


The etiologic importance of trauma in 
regional enteritis is a controversial subject. 
Most authorities are inclined to discount 
its importance.®’® 

One of the cases seen by us, recently, 
aroused our interest in this subject.*® 
A young soldier developed a regional en- 
teritis confined to the proximal jejunum 
several months after a non-penetrating 
injury to the abdomen had been received 
in a motorcycle accident. A few other 
cases have been reported in the literature, 
in which there is a precedent history of 
trauma, and its etiologic importance 'is 
implied.®’^’®’*® These cases are very rare, 
however, and no proof exists that the 
trauma was the causative agent. In dis- 
cussions of trauma to the abdomen, in 
general, little emphasis is placed on non- 
penetrating trauma, unaccompanied by 
intestinal perforation or severe hemorr- 
hage.'*’®’®’**'*® Experimental studies deal- 
ing with this subject are likewise scarce. 
Among these should be mentioned the 
negative report by Bell,* who found that 
interference with the blood supply of the 
intestinal tract does not result in a cica- 
trizing enteritis. Reichert and Mathes*®, 
however, succeeded in producing cicatriz- 
ing lesions of the small bowel by obstruct- 
ing the mesenteric lymphatics Avith scleros- 
ing agents. 

We were interested in determining what 
effect crushing trauma, short of perfora- 
tion, would have on the small intestine. 
The dog was chosen as the experimental 
animal, chiefly because of its size. This 
feature simplified the e.xperimental prob- 


lems. We were, of course, aware of the 
great resistance to infections of the dog’s 
peritoneum, as compared with that of a 
human being. 

Experimental Procedure. Adult mongrel 
dogs were used, varying in size between 7.5 
and 23.0 kgms. The dogs were anesthetized 
with intravenous nembutal. They were not 
fasted the day of the operation. It was felt 
that the presence of rough food particles and 
a changed intestinal flora during digestion 
and absorption may enhance the effect of the 
trauma. The peritoneum was entered 
through a median or perimedian incision. 
A 10 cm. (approximately) segment of the 
jejunum and ileum was isolated and trauma- 
tized. 

The trauma was produced by a special 
corrugated steel clamp. The screws were 
tightened as tightly as possible, and immedi- 
ately released. This was done in order to 
simulate the momentary trauma usually 
involved in the production of abdominal 
injuries. The injured intestinal segments 
were immediatelj’- replaced in the peritoneal 
ca-vdty, and the animal returned to the cage, 
after closure of the abdominal wall.. Food 
was not withheld. 

The animals were obseiA’^ed for appetite, 
vomiting, and the character of the stool, 
especially with regard to consistencj^ and 
presence or absence of blood. 

Most of the animals were sacrificed 3 to 7 
months after exposure to the trauma. Dur- 
ing the early part of the experiment, abdom- 
inal exploration in the anesthetized animal 
was attempted, but this procedure was 
abandoned because it j-ielded insufficient 
information. 

On autopsy, the gross appearance of the 
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bowel and mesenter 3 " were noted, and sec- 
tions were taken of the bowel and regional 
lymph nodes for microscopic examination. 

Results. Ivimediate Residts of Trauma: 
As was pointed out above, the clamp was 
applied momentarily, and in the process, 
about 8 to 10 cm. of ileum and jejunum 
were crushed. Upon removal of the clamp, 
the central portion of the compressed 
bowel was pale and ischemic. The anti- 
mesenteric side showed numerous hema- 
tomas. At various points on the anti- 
mesenteric side, the serosa and muscularis 
were split, with a resultant herniation of 
the mucosa. Hematomas were produced 
on the mesenteric side and in the adjacent 
mesentery as well, but the intestinal wall 
usually remained intact at this point 

(Fig. 1). 


bowel by fibrous and omental adhesions 
(Fig. 2). The omentum and vascular 
adhesions appeared to attach themselves 
'to the injured bowel, especiallj’^ on the 
anti-mesenteric side. These adhesions 
matted together the injured segments, 
attaching them to other parts of the bowel, 
the abdominal wall, and solid viscera. In 
spite of the presence of very sharp angula- 
tions, there was no e\’idence of serious 
interference with bowel lumen. Small 
areas of apparent thiekening of bowel wall, 
chiefly due to invagination, were' noted, 
but concentric hypertrophy with signifi- 
cant interference wdth the calibre of the 
lumen was not seen. 

The regional Ij’^mph nodes were enlarged. 
This was more marked in the ileo-cecal 
mesenterJ^ In the living anesthetized 



Fig. 1. — ^Appearance of bowel immediately after crushing injury. Note the splitting of 
the muscularis -n-ith herniation of mucosa and hematoma formation. 


General Condition of the Animals: The 
animals commenced eating well shortly 
after surgery’. Although some loss of 
weight did occur in most animals, this 
was not great (1-2 kgms.). All the 
animals retained their interest in food. 
No vomiting was noted. 

The bowel movements were generally 
unchanged. But on several occasions, 
loose stools were noted, and a few times, 
gross blood was seen in the stools. 

Gross A'ppcarance: The most conspicu- 
ous gross finding was the distortion of the 


animal, these adhesions, and hypertro- 
phied ly’mph nodes, formed an extremely 
vascular granuloma-like mass, which bled 
profusely’ when disturbed. 

The intestinal mucosa appeared intact 
grossly’, with one exception — ^Avhere a small 
shallow depression -was seen, which ap- 
peared to be a superficial mucosal ulcer. 

Microscopic Appearance: The mucosa 
itself was not involved. The glands were 
intact, and no true ulcerations were ob- 
served. In the submucosa, an abnormal 
accumulation of round cells was encount- 
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ered. This cellular exudate consisted 
chiefly of lymphocytes, some polymorpho- 
nuclear leucocytes, and an occasional 
eosinophile. No giant cells were seen 
(Fig. 3). The lymph follicles seemed 
larger and more abundant than normal, 
and the accumulation of lymphocytes 
seemed to spread beyond the boundary of 
the follicle. 

The submucosa seemed thickened occa- 


sionally. In some animals, much fibrous 
tissue was seen on the submucosa, and 
this fibrosis seemed to spread into the 
muscularis. The injured area appeared 
to heal by fibrous tissue replacement and 
in one dog (Fig. 4), the muscularis was 
replaced by fibrous tissue running in differ- 
ent directions in an irregular manner. 

In other instances, complete disruption 
of muscularis resulted in no fibrous tissue 



Rig. 2. — Gross appearance of the bowel several months after injury. Adhesions and 

kinking of bowel are marked. 
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replacement, and the mucosa and sub- The most conspicuous change seen in 
mucosa -were Ijdng adjacent to the serosa, the serosa consisted of newly formed capil- 
In this case (Fig. 5), no muscularis was laries and round cell infiltration consistent 
seen in certain segments of the bowel. with newly formed granulation tissues 



Fig. 4. — Fibrous tissue replacement of muscularis and fibrosis of submucosa. X 50. 



Fig. 5. — ^Completc absence of muscularis. The mucosa rests on serosa, x 100. 
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(Fig. 6). Infrequently, a foreign tissue 
reaction was seen in the serosa, and in such 
areas, an occasional giant cell was seen. 

Discussion. In human beings, abdom- 
inal trauma, which is not productive of 
severe hemorrhage or immediate perfora- 
tion of a hollow viscus, is not looked upon 
as a serious lesion. The immediate post- 
traumatic period is observed with anxiety, 
but when this period passes uneventfully, 
later complications are rarely thought of. 
When abdominal symptoms recur after 
several months, the preceding trauma is 
apt to be overlooked as a factor of im- 
portance. 


that the intake of food may have been 
limited by abdominal pain. 

While the lesions seen did not simulate, 
either grossly or microscopically, those 
seen in regional enteritis, yet some features 
compatible with a chronic inflammation 
were present. Among these features may 
be mentioned the round cell infiltration, 
the fibrous tissue proliferation, and the 
new capillary formation seen in the serosa. 
The dissimilarity of this histologic lesion 
in the experimental animal from regional 
enteritis does not preclude the possibility 
that the healing process after trauma, in 



^Ve succeeded in traumatizing severely 
the dogs’ small intestines Avithout produc- 
ing gross perforation or severe hemorrhage. 

The immediate post-traumatic course 
was relatively uneventful. Later in the 
cour.se of the healing of this trauma, there 
were no conspicuous objective signs, al- 
though it is possible that some subjective 
symptoms, such as pain, may have been 
experienced by the animals. The fact 
that all of them lost some weight suggests 


the human being, might produce changes 
similar to those seen in regional cTiteritis. 

One thing seem.« obvious — that in the 
process of healing of non-penetrating ami 
non-perforating intestinal trauma, long- 
lasting or permanent tleformity of the 
bowel architecture may occur. Symp- 
toms may not be produced till long after 
the injury, because as the healing process 
advances, more interference with the bowel 
lumen and motility may occur. 
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The filirous tissue replacement of in- 
jured muscle fibers, or the accumulation 
of granulation tissue, may conceivably re- 
sult in interference of motility and reduc- 
tion of the bowel lumen. That this fibro- 
sis in the muscularis and submucosa, seen 
in some of our animals, did not result in a 
narrowing of the bowel lumen and eventual 
stenosis is not unusual, when we remember 
that this injury did not involve equally the 
entire circumference of the bowel, but just 
one segment at a given level. It is con- 
ceivable, however, that with an appro- 
priate combination of circumstances, a 
stenosis could be produced after many 
weeks or months; that is, after the fibrous 
tissue has had a chance to contract. 

In spite of the fact that no obstruction 
or severe interference with the small bowel 
motility resulted from this injury, it is felt 
that, even in the dog, significant alteration 
in small bowel functioning was produced. 


And in human beings undergoing trauma 
of similar severity, the end results may 
be more serious, if the healing process is 
accompanied by morefil)rosisand Ijunphoid 
tissue hyperplasia. 

Summary and Conclusions ; 1. Segments 
of ileum and jejunum were traumatized by 
crushing with a blunt instrument. 

2. The animals survived the initial in- 
jury without ill effect. 

3. Slight loss in weight and occasional 
loose or bloodj’ stool was the only subse- 
quent sign of derangement. 

4. Animals saerificed three to seven 
months later showed various gross and 
microscopic changes of a permanent nature 
in the injured bowel. 

5. These changes, though not resem- 
bling those of human regional enteritis, 
exhibited some features compatible with 
a chronic inflammation. 


The authors gratefully acknowledge the assistance given by Miss Rita K. Tortmase, R. X., in carry- 
ing out the surgical procedures. 
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GENERALIZED CAPILLARY AND ARTERIOLAR PLATELET THROMBOSIS* 

By Lt. (jg.) John R. Carter, (MC) USNRt 

ASSISTANT PATHOLOGIST 
BETHE8DA, MARYLAND 


Despite voluminous literature on the 
general subject of thrombosis, relatively 
few cases are recorded of a ividespread 
thrombotic process limited exclusively to 
capillaries and arterioles. Such an un- 
usual distribution of thrombi has been 
reported in only 10 cases^'^’®’®-®-'''® over a 
■period of approximately 20 years. Clini- 
cally and pathologically these cases have 
been strikingly similar. In fact, the 
symptomatology has been so distinctive 
that the diagnosis may be made ante- 
mortem in the future. A rapidly progress- 
ing hemolytic type of anemia, a rather 
marked thrombopenia and bizarre non- 
localizing cerebral manifestations have 
constituted the salient clinical features. 
The course has been febrile, terminating 
in death in from 1 to 3 weeks. Wide- 
spread capillary and arteriolar throm- 
boses have been the outstanding autopsy 
finding. Although Moschcowitz^ regard- 
ed the thrombi as of the hyalin type, 
more recent writers’ - ®'® have considered 
them to be of platelet origin. Petechial 
hemorrhages have been repeatedly ob- 
served but the extent of these hemorrhages 
has varied considerably from one case to 
another. 

E.vcept for 1 previous case® and the one 
to be presented here, all of the patients 
have been females ranging in age from 
9 to 66 years. The present case is re- 
ported in order to reemphasize the rather 
uniform clinical pattern of this syndrome 
and the sequence of events incident to 
the underlying pathologic process. 

Case Report. Histonj. A 66 I'^ear old col- 
ored man was admitted to the U. S. Naval 
Hospital in a conscious but aphasic state. 
The history, as olitained from the jiatient’s 


sister, revealed that he had been in good 
health until 2 days before admission at 
which time it was noted that his speech was 
inarticulate. On the day before admission, 
the patient could not be understood and 
could only mumble with considerable diffi- 
cult}'. He was unable to vTite vdth his right 
hand although he appeared to have full 
control of the arm. Drinking liquids be- 
came difficult and swallowing solid foods 
was impossible. The s3'mptoms became pro- 
gressively worse but from the onset the 
speech defect was of an intermittent char- 
acter; on several occasions, a few clear words 
were spoken only to be followed suddenly 
by a series of inarticulate grunts. 

The past history was essentially non-con- 
tributorj' as far as could be determined. He 
had suffered partial deafness for 20 years 
but had had no previous episodes of aphasia 
or dysphasia. A historj' of venereal disease 
could not be elicited and a detailed family 
history revealed no e^^dence of familial 
blood dyscrasias. There had been no e.xpo- 
sure to or ingestion of drags or poisons of 
any kind. 

Physical Examination. The patient was 
a well-developed, well-nourished, colored 
male who was conscious, well oriented and 
cooperative liut aphasic. The temperature, 
pulse and respirations were normal. The 
systolic blood pressure was 120 mm. of mer- 
cur}' and the diastolic 80 mm. The pulse 
rate was 84 per minute. Throughout his 
entire illness, the skin, sclerae, conjunctivie 
and fundi revealed no e^'idence of petechial 
hemorrhages. The heart was not enlarged 
and there were no murmurs. The lungs 
were clear to percussion and auscultation. 
The abdomen was ovoid, non-tender and no 
masses were palpated. 

Bizarre and fleeting neurologic manifesta- 
tions were of considerable clinical interest 
and importance. On admis.^ion, the only 
.significant finding, aside from the aphasia 
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and dysphasia, was diminished but equal 
strength of arms and legs. Four days later, 
however, the aphasia had cleared. Abdom- 
inal and cremasteric reflexes were absent 
bilaterally. The AchiUes reflex was h^Tio- 
active on the right and absent on the left. 
Response to pain and touch was entirely 
absent in the lower extremities. Response 
to temperature changes in both upper and 
lower extremities was diminished. There 
was no muscular weakness. The following 
day, neurologic examination revealed agram- 
matism, acoustic and verbal agnosia, ideo- 
kinetic apraxia, increased spasticity and re- 
flexes of the right arm with a positive Hoff- 
man sign on the right. The patient was again 
sensitive to pain, touch and temperature in 
upper and lower extremities. Throughout 
the course of illness, these neurologic mani- 
festations occurred in irregular cycles and 
appeared to wax and wane in intensity. 

Laboratory Firidings. The red cell count 
on admission was 1,800,000; hemoglobin, 
38%; white cells, 7850 (70% poljnnorpho- 
nuclears, 20% IjTnphocjffes and 3% mono- 
cytes) . The red cells on direct smear showed 
marked hypochromia, anisocytosis, poikilo- 
cytosis and pols'chromia. There was 1 nor- 
moblast per 100 white blood cells. Other 
data; volume of packed cells, 20 per 100 cc.; 
mean corpuscular volume, 111.1 c/x; mean 
corpuscular hemoglobin, 30.6 p/xg. and 
mean corpuscular hemoglobin concentration, 
27.5%; volume index, 1,18; color index, 1.05; 
saturation index, 0.89. The reticulocyte 
count was 8.5%. A platelet count was not 
done but examination of the blood smear 
revealed a marked decrease of platelets. 
Follon-ing 2 whole blood transfusions, the 
red cell count rose to 2,300,000, with hemo- 
globin of 46%. The volume of packed red 
cells was 20%, with a mean corpuscular 
volume of 87 cju. The mean corpuscular 
hemoglobin was 29 uyg. and the mean cor- 
puscular hemoglobin concentration was 33%. 
The volume, color and saturation indices 
were, as before, within normal limits. The 
urine contained 3 to 5 red and white blood 
cells per H.P.F. and a trace of albumin was 
observed. stool examination revealed no 
significant findings. A lumbar puncture 
revealed normal dynamics with no e\'idence 
of block on jugular compression. The white 
coll count wa® vithin normal limits and no 
red cell' or xanthochromic fluid were ob- 
serx'ed. Spinal fluid glucose was 75 mg. %; 


chlorides, 766 mg. %; proteins, 35 mg.%. 
Serologic studies of blood and spinal fluid 
showed no evidence of syphihs. The icteric 
index was 13. A cephalin flocculation test 
was negative after 24 hours but showed Id- 
after 48 hours. 

Course. The patient was put on a high 
caloric diet and was given whole blood trans- 
fusions of 500 cc. each on 2 successive days. 
He appeared to improve physically but the 
mental status remained essentially un- 
changed. An intermittent fever ranging 
from 100° to 102° F. developed 3 da 3 "s 
after admission and persisted throughout 
the remainder of his hospital staj'. Five- 
daj’^s after admission the patient developed 
urinarj' retention. Rectal examination failed 
to reveal an enlarged prostate gland or any 
rectal mass. The urea nitrogen was 42.8 mg. 
per 100 cc. n-ith a CO 2 combining power of 
38 vol. %. He became incontinent of urine 
and refused to eat. Coma developed rapidly 
and the patient expired 10 daj's after admis- 
sion to the hospital. 

Autopsy (12 hours after death). The body 
was that of a well-developed, well-nourished 
66 year old Negro male, weighing 150 pounds 
and measuring 5 feet 7 inches in length. 
No marks, scars, rashes or hemorrhages were 
observed. The sclerae and mucous mem- 
branes were markedl}- icteric. There was 
no ex-idence of edema, engorged vessels or 
generalized Ij^phadenopathy. The pleural 
caxdties were free of fluid but a few delicate 
adhesions were present in the left apex. 
The pericardial sac contained approximatelj' 
100 cc. of clear, straw-colored fluid. The 
organ relationships in the abdominal cavitj- 
were within normal limits. 

The heart (335 gm.) showed manj' small 
epicardial and endocardial hemorrhages. 
The chambers were of normal size and the}' 
contained both fluid and clotted blood. The 
valve measurements were within normal 
limits and all valves appeared essentially 
normal. The cardiac musculature was mud- 
dy brown and flabby. On section, several 
small areas of hemorrhage, fibrosis and ne- 
crosis were present. The right and left 
ventricular walls were of normal thickness. 
The coronary arterial sx'stem showed mod- 
erate atherosclerosis but no thrombi were 
obser\-ed. The great vessels, except for 
moderate athero=clero=is, were not remark- 
able. 

The combined weight of both lungs was 
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1050 gni. The external appearance re- lo^^ consolidation ^\ere present in the left 
vealed a smooth, mottled grayish red wet lower lobe. There wa"? moderate congestion 
surface and crepitus was readily elicited, of the parenchyma throughout. The pul- 
On section, a few small areas of grayish yel- monary vessels, bronchi and lymph nodes 



Eig. 1.— Section of myocardium slion-ing thrombosis of capillaries with perivascular fibrosis, rellular 
infiltration and degeneration of adjacent muscle bundles. Hematovylin and cosin: X 100. 

Fig. 2. — A vessel in the m 3 'ocardium showing invasion of a platelet thrombus by swollen en- 
dothelial cells. Hematoxj'Iin and eosin; X200. 

^ Fio. 3. — Throe vessels in the cortex of the kidney illustrating old dense cndothelializcd thrombi. 
Note the endothelial lined spaces bounded by the thrombi and the arteriolar walls. Hcmatorvlin and 
oosin; X 100. 

Fio. 4.— Kidney BhoirinB platelet agBrecates in glomerular tuft. Hematoxylin and eosin; X 200. 
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were not remarkable. The spleen (180 gm:) 
appeared essentialh' normal in size, shape 
and consistencj". The pancreas, likewise, 
showed no significant abnormalities. The 
liver (1700 gm.) showed a surface every- 
where smooth and intact, with the charac- 
teristic reddish brown color. On section, 
the architecture was well presented but 
scattered throughout were numerous small 
petechial hemorrhages. The gall bladder 
and biliarj' tract were essentially normal. 
Multiple submucosal hemorrhages were ob- 
served in the stomach but the remainder of 
the gastro-intestinal tract was not remark- 
able. The adrenal glands were of normal 
size and although somewhat congested, 
showed no definite areas Of hemorrhage. 

The left kidney (160 gm.) and the right 
(170 gm.) were similar. The capsule stripped 
with ease revealing a smooth, reddish brown 
surface over which numerous small punctate 
hemorrhages were noted. Qn section, the 
cortex was of normal thickness but numer- 
ous hemorrhages and small areas of necrosis 
were observed. The p3Tamids were well 
developed and showed no significant abnor- 
malities. The mucosa of the pehis and 
calj^ces was markedlj' hemorrhagic but there 
was no evidence of erosion. In the lower 
pole of the left kidney was a well-circum- 
scribed, firm, gray mass, 4 mm. in diameter. 
The ureters were slightly dilated and occa- 
sional small petechial hemorrhages were ob- 
seiA’ed on the mucosal surfaces. The bladder 
was moderately dilated and the mucosal 
surface was markedly hemorrhagic, hlul- 
tiple small abscesses were observed through- 
out the prostate and a small pocket of pus, 
approximately 1 cm. in diameter was pres- 
ent adjacent to the right seminal vesicle. 
The seminal vesicles, testicles and urethra 
appeared essentiallj' normal. The skeletal 
sj’stem showed no significant abnormalities 
and multiple sections through the ribs and 
vertebra showed red, cellular marrow. 

The neck organs were in no wa\' remark- 
able. The brain weighed 1220 gm. The 
dura and leptomeninges were cverj’wherc 
smooth and intact and there was no evidence 
of hemorrhage. The cerebral and cerebellar 
hemispheres exhibited the normal contours 
and the ventricular system was not dilated. 
There was no ew’dence of hemorrhage but 
occasional minute areas of .=oftoning were 
noted throughout the parenchyma. The 
basilar arterj’ showed rather extensive thick- 


ening, tortuosity and atherosclerotic change.s. 

Posltnorlem Badcriology and Blood Chem- 
istry. Blood culture showed no growtli; 
blood non-protein nitrogen, 205 mg. %; urea 
nitrogen, 103.8 mg. %; creatine, 4.6 mg. %. 

Toxicologic Examination. Spectrographic 
analj’sis of liver and kidne}' tissue revealed 
no abnormally large quantities of anj- of the 
poisonous metals. 

Microscopic Examination. Heart: The 

great majority of capillaries and arterioles 
'were occluded with finety granular homo- 
geneous material which had the appearance 
of conglutinated platelets. No red or white 
blood cells were noted nor was there anj’ 
evidence of a lamellated pattern. The 

endothehal cells lining the occluded vessels 
were swollen and moderately pleomorphic. 
Proliferation of these cells was marked but 
onty occasional mitotic figures were observed. 
In other areas, karyorrhexis and pj'knosis 
of the endothehal cells were conspicuous. 
Mam' of these cells could be seen invading 
and encompassing the platelet thrombi. 
Many of the vessels were not completely 
occluded but showed small endothehal hned, 
crescent shaped spaces usualty adjacent to 
the vessel waU. These spaces did not sug- 
gest recanahzation but rather incomplete 
occlusion. Occasional vessels with no 
thrombi showed moderate swelling of the 
endothehal cells. In a few areas the vessel 
waUs were ruptured allowing the thrombus 
material to exude into adjacent connective 
tissue and cardiac muscle. In some regions, 
the vessel walls had fused with the throm- 
botic material causing complete disintegra- 
tion of the normal vascular architecture. 
Fibrinoid degeneration of the arteriolar 
walls was occasional^ observed. ^lan}- of 
the thrombosed vessels were surrounded bj' 
cuffs of edematous fibrous tissue which con- 
tained numerous Ij'mphocj'tcs, plasma cells, 
histiocj'tes and occasional potymorphonu- 
clears. No giant cells were present and the 
lesions bore no resemblance to Aschoff bod- 
ies. Many of the muscle cells adjacent to 
the thrombosed vessels showed degeneration 
and necrosis. Scattered diffusety through- 
out the interstitial tissue were small focal 
clusters of acute and chronic inflammatory 
cells. In such areas, the tissue was edema- 
tous and occasional small ma.=.=cs of fibrin 
were readily observed. Xumerous small 
areas of infarction were present. Manj' of 
the infarcts were recent, while others showed 
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evidence of healing and fibrosis. The major- 
ity, however, were of the low-grade ischemic 
type. Moderate atheromatous changes were 
present in the coronary arteries, but no sig- 
nificant abnormalities of the endothelial 
lining were noted. 

Lungs: Many of the alveoli were filled 
with acute inflanunatory exudate. Con- 
gestion and edema were noted throughout. 
The bronchioles were choked "with polymor- 
phonuclears and fibrin. Several of the 
capillaries and arterioles were filled with 
platelet thrombi but the endothelial changes 
were not so striking as in the heart. Onlj"- 
an occasional megakaryocyte was seen. 

Spleen: The pulp was congested and 
there was minimal h}’’perplasia of the Mal- 
pighian bodies. Many of the central arteri- 
oles and several of the smaller vessels in the 
trabeculae contained platelet thrombi. A 
few megakaryocytes were seen but there 
was no increase of myeloid or erythroid 
elements. 

Genilo-urinary tract: Extensive vascular 
changes were observed. A few of the glo- 
meruli were enlarged and showed increased 
cellularity. These hyperplastic changes 
were not striking and no fusion or crescent 
formation was observed. Many of the capil- 
lary tufts and the afferent and efferent 
arterioles were partially occluded by small 
granular platelet thrombi. The tubular 
epithelium in several areas revealed rather 
extensive degeneration and necrosis. Many 
of the tubules contained cellular ddbris and 
precipitated protein material. Hemosiderin 
pigment was present in rather large amounts 
in the epithelium of the collecting tubules. 
In areas, there was considerable interstitial 
fibrosis and scarring -ndth distortion of the 
architecture. Several small wedge shaped 
hemorrhagic infarcts were observed in the 
cortex. The majority of the arterioles and 
capillaries were occluded with platelet 
thrombi. Fibrinoid degeneration of the 
arteriolar walls was conspicuous but there 
was no endence of inflammation. The 
endothelial changes Avere quite similar to 
those observed in other organs. In addition, 
the arcuate and interarcuate arteries showed 
moderate intimal thiekening and hj-aliniza- 
tion. Large areas of hemorrhage were pres- 
ent in the pehdc mucosa and in the mucosa 
and submucosa of the ureters and bladder. 
Examination of the prostate gland revealed 
numerous confluent abscesses and a moder- 


ate degi'ee of hyperplasia. Many platelet 
thrombi were scattered throughout. 

Vertebral marrow: Sections showed num- 
erous islands of eiythropoietic tissue con- 
sisting largel}' of pronormoblasts and nor- 
moblasts. Cells of the m3"eloid series were 
represented in normal proportion. Mega- 
karj^cytes were abundant and in manj’- 
areas there was a slight but definite increase 
of these cells. The character of the cj'to- 
plasm of the megakarjmcytes was not dis- 
tinct, even with Giemsa’s stain, because of 
autolytic changes. Many of the capillaries 
contained platelet thrombi. 

Brain: Scattered diffusely throughout 
were numerous intracapillar}'- platelet throm- 
bi. Occasional minute areas of encephalo- 
malacia were encountered. No hemorrhage 
was observed but minimal neuronophagia 
was noted in some areas, Manj’- of the non- 
occluded vessels showed abnormal fibrin 
threads. These threads were greatly thick- 
ened and some appeared to be hollow. 
These abnormal forms appeared to fuse, 
however, with the normal fibrin threads. 
Scattered throughout and adhering to the 
fibrin were small granular masses of plate- 
lets. In several of the partiallj'- occluded 
vessels, the thick fibrin threads had fused 
A\ith platelets to form a homogeneous mass 
in which the fibrin structure barely could 
be discerned. 

Other organs: Platelet thrombi and occa- 
sional areas of hemorrhage were observed 
in the pancreas, liA’-er, adrenals, gastro-intes- 
tinal tract, l3'mph nodes, th3Toid and pitu- 
itary glands. 

The Thrombotic Lesion. All of the tissues 
examined revealed large numbers of throm- 
botic and endothelial lesions in the capillar- 
ies and arterioles. These vascular lesions 
were most marked in the m3'ocardimn, kid- 
ney cortex, adrenal glands, spleen and brain. 

With the routine formalm-fi,xed hema- 
toxylin and eosin sections, the thrombotic 
material appeared as a finel}' granular 
purplish pink substance that morphologi- 
call}’-, at least, suggested platelet origin. In 
an attempt to determine the precise nature 
of the thrombotic material, Giemsa, Shorr, 
Gram-Weigert, iron hematoxx-lin and iron 
stains were carried out on formalin and 
Zenker fi.ved tissue. These additional stain- 
ing procedures tentatively substantiated our 
original interpretation and those of others 
that the capillary occlusions were probabl}* 
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of platelet origin. Neither red cells, dis- 
integration products of red cells, leukocytes 
or bacteria could be demonstrated in the 
capillarj’- and arteriolar occlusions. The 
proliferation and swelling of the endothelial 
cells and the permeation of the thrombi b5’ 
these cells was a most remarkable phenome- 
non. Although occasional non-thrombosed 
vessels showed minimal endothelial swelling 
and proliferation, the process was not diffuse; 
the overwhelming majority of the non-oc- 
cluded vessels appeared essentially normal. 
Many of the non-thrombosed vessels con- 
tained seriun and normal sized delicate 
threads of precipitated fibrin, but occasional 
masses of distinctly abnormal fibrin threads 
were also observed. These threads were 3 
to 5 times the thickness of normal fibrin and 
had the appearance of hollow, non-segmented 
m3’celia. That these bizarre shaped masses 
were not mj'celia was ruled out on morpho- 
logic and cultural grounds. Except for the 
size, the morphologic characteristics and the 
staining reaction were those of normal fibrin. 
They were occasionallj’’ obser^'ed in the 
newly formed thrombi where platelet aggre- 
gates could be seen adhering to them. 

Discussion. The genesis of the platelet 
thrombosis is not known. There is consid- 
erable divergence of opinion regarding the 
fundamental vascular lesion. Altschule' 
speculated that the platelet thrombi were 
secondary to damaged vascular endothe- 
lium. Baehr, Klemperer and Schifrin- 
and more recently Bemheim’ felt that 
there was no definite eAudence for primary 
endothelial damage and that the endothe- 
lial changes were secondarj' to the pres- 
ence of platelet thrombi. Nothing is to 
be gained b^’ further speculation over this 
somewhat controversial point on the basis 
of morphology- alone. There are, how- 
ever, in this present case 1 or 2 observa- 
tions that are worthy of consideration. 
In several of the vascular lesions, par- 
ticularly in the myocardium, the capillaiy 
and arteriolar walls revealed rather mark- 
ed fibrinoid degeneration and actual ne- 
crosis with extrusion of the thrombotic 
material into the adjacent tissue. WTiat- 
cver the nature of the toxic agent, if 
there is such, vascular damage was 
marked. Such changes occurred only in 


vessels which contained platelet thrombi. 
It is possible that the to.xic agent could 
have been absorbed on the platelet aggre- 
gates and that the concentration of the 
“toxin” was, therefore, greater and more 
lasting. 

Abnormal clotting of the 'blood is a 
further possibility which deserves serious 
consideration from the standpoint of 
etiology. Although there is no basis for 
assuming that a defect in the blood clot- 
ting mechanism may produce morphologic 
changes, the abnormal physical nature of 
some threads of fibrin is perhaps sugges- 
tive of such a defect. Regardless of this 
questionable exddence, there are a num- 
ber of points in both the stoichometric and 
enzymatic phases of the clotting mechan- 
ism at which a disturbance of one or more 
of the components might occur. Exces- 
sive clotting as well as acceleration of 
coagulation is favored by factors which 
tend to increase the formation of fibrino- 
gen, prothrombin or platelet factor. The 
stimulation of bone marrow actiA-ity with 
increased production of blood platelets is 
one such factor, although after a minimal 
number of platelets is available, this is 
a rather minor one. Excessive agglutina- 
tion and disintegration of platelets might 
be attributed to excessive amounts of the 
factor deficient in hemophilia. On the 
other hand, a defect in the platelets may 
be a qualitative one, that is, a too ready 
release of thromboplastin from abnormal 
platelets showered into the blood stream 
from the bone marrow. Again the abnor- 
mal clotting may be due to an inadequacy 
of the normal antithrombin of the blood 
thus permitting traces of active thrombin 
to remain active. The thrombin itself 
may be abnormal in this regard. In some 
recent, but as yet unpublished work,* it 
was discovered that if thrombin be sub- 
jected to rather mild denaturation pro- 
cedures, it becomes refractory to anti- 
thrombic actiA-ity and yet retains the abil- 
ity to convert fibrinogen into fibrin. It 
is conceivable, therefore, that traces of 
thrombin formed in the blood stream from 
the conversion of prothrombin might be 
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altered in such a way that the thrombin 
no longer would be inactivated by anti- 
thrombin. Whether or not the vascular 
lesions are the result of endothelial dam- 
age or of some defect in the clotting 
mechanism, or both, it is undoubtedly 
true that other well-known mechanical 
factors play a role in the ultimate forma- 
tion of the thrombi. Othenvise it would 
be difficult to explain the distribution of 
the vascular occlusions. The various 
possibilities suggested are, of course, 
purely speculative but it is strongly urged 
that the clotting mechanism be studied 
carefully when the opportunity presents 
itself in the form of another case. 

As Baehr et al? first suggested, the 
enormous numbers of platelets enmeshed 
in the thrombosed vessels tliroughout the 
viscera were indeed sufficient to have ex- 
hausted the available supply and to have 
resulted in the thrombocytopenia of the 
peripheral blood. In the case presented, 
there was not an excess of megakaryo- 
cytes in the lungs or spleen. The bone 
marrow, on the other hand, did show a 
slight but definite increase of megakaryo- 
cytes. In the majority of cases reported, 
the numbers of megakaryocytes in the 
marrow have been within essentially nor- 
mal limits — as they are in most cases of 
idiopathic thrombopenic purpura.'® The 
marrow responds to the peripheral throm- 
bopenia by increased platelet production 
from preexisting megakaryocytes and not 
necessarily from hj'perplasia of mega- 
karyocytes. There is no good e\idence 
to indicate that increased platelet produc- 
tion did not occur in these cases. In fact, 
it probably did, but the increased produc- 
tion might ■well fall far below the number 
used up in the formation of the thrombi. 
This is certainly reasonable in idew of the 
enormous extent of the capillary and 
arteriolar bed and the ■nddespread distri- 
bution of the lesions. Therefore, there is 
no reason to assume a depression of plate- 
let production or splenic destruction to 
account for the thrombopenia.® 

It has been repeatedly observed, espe- 
cially by Bnchr ci aL, and Altschule, that 


despite the extent of the thromboses, 
there was little e\’idence of parenchymal 
necrosis. In this case, although small 
areas of infarction were present in the 
heart and kidneys, the degree and extent 
of the necrosis were minimal ■«ffien com- 
pared to the myriads of thrombosed ves- 
sels. We agree wdth Bernheim that the 
lack of significant necrosis may be attrib- 
uted to incomplete occlusion of the in- 
volved vessels and to the lack of involve- 
ment of the total capillary bed in a given 
area. It was mentioned pre'\aously that 
small but definite endothelial lined spaces 
were present at the periphery of many of 
the thrombi. Such lesions did not have 
the appearance of recanalized vessels but 
suggested incomplete occlusion initially. 
Indeed, the histologic appearance of a 
large number of infarcts suggested a pro- 
longed ischemic process indicative of slo'U' 
or incomplete occlusion. 

From a thorough study of the clinical 
and pathologic material in this case, it is 
felt that the syndrome is not related to 
lupus erythematosis disseminata, poly- 
arteritis nodosa, or any of the other dis- 
eases of the erythema group. The patient 
in the case reported above show'ed no evi- 
dence of pericardial and pleural involve- 
ment, edema, lymphadenopathy, skin le- 
sions, leukopenia and endocarditis com- 
monly encountered in disseminated lupus. 
The purpura and the vascular lesions are 
insufficient criteria which do not justify 
the attempt to relate this s;jmdrome to 
disseminated lupus.® Furthermore, the 
vascular lesions in both disseminated lupus 
and polyarteritis are considerably different 
from those observed in this case. IWiereas 
the significant changes in lupus and poly- 
arteritis are to be found in the walls of 
the blood-vessels, in the sjmdrome under 
discussion, platelet tlirombosis is the most 
noteworthy observation. The perivascu- 
lar inflammatory reaction is not general- 
ized, and where present, it is essentially 
chronic. In their "work on the response 
of tissues to bacterial filtrates, Shwartz- 
raan, Klemperer and Gerber® pointed out 
the similarity of the vascular lesions in 
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this sjTidrome to the alterations observed 
in the blood-vessels of animals in which 
the Shwartzman phenomenon had been 
induced. 

Because of the widespread capillary and 
arteriolar tliromboses, biopsy should be a 
useful adjunet in establishing the diagnosis 
during life. 

Summary. A case of a 66 year old 
Negro male vdth marked anemia, throm- 
bopenia and bizarre neurologic manifes- 
tations is deseribed. 


Generalized capillary and arteriolar 
platelet thrombosis was the outstanding 
postmortem finding. 

The type and distribution of the vascu- 
lar lesions are pathognomonic of the dis- 
ease process and the clinical and patho- 
logic features in the cases reported are 
strikingly similar. 

The cause of the thrombosis is unknovTi. 

Brief discussions of the possible etiologic 
factors and the differentiation from certain 
diseases of the erythema group are given. 
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The observation was reported by us^ 
some time ago that quinine sulfate in 
single daily oral doses of 0.33 gm. induces 
hypoprothrombinemia which can be pre- 
vented by concurrent administration of 
vitamin K. However, Quick® found that 
this antimalarial caused no decrease in 
the prothrombin of the blood. Clark and 
Spitalny,^ on the other hand, have re- 
centlj'’ presented their findings that quin- 
ine e.xhibits prothrombinopenic action. 
This discrepancy of results prompted us 
to investigate further the action of quinine 
on protlirombin acti^dty. 

Experimental. Repetition of Previous 
Experiments. Two more subjects were 
studied following the procedure outlined 
previously.'* Again Russell \dper venom 
“Stypven” was employed as the thrombo- 
plastic agent in performing prothrombin 
time estimations. Both persons responded 
to a daily dose of 0.33 gm. of quinine 
sulfate with a distinct prolongation of 
their respective premedication prothrom- 
bin times. Upon discontinuing quinine 
sulfate the findings approximated the 
original values promptly. Combined ad- 
ministration of a \dtamin K compound 
(10 mg.)* with quinine sulfate (0.33 gm.) 
over the period of time in which the latter 
alone had produced the rise in prothrombin 
time, prevented the quinine-induced pro- 
thrombinopenia. Withdrawal of the vita- 
min K compound and continuation of 
quinine sulfate at the same dosage level 
again elicited a prolongation of the pro- 
thrombin time in both subjects. 


Comparative Study With Different Throm- 
boplasiie Agents. The difference in Quick’s 
and our procedure was that different 
thromboplastic agents were used in esti- 
mating prothrombin times : He employed 
a tissue extract from rabbit brain and we 
utilized \dper venom. Hence a compara- 
tive study on the blood of the same persons 
was instituted using as thromboplastic 
agents, n'per venom on the one hand and 
a tissue extract on the other. f The for- 
mer was employed in accordance with the 
technique advocated by Page and his 
associates® and first described by Fuller- 
ton.® In carrying out the tests with the 
tissue extract Quick’s original method was 
followed. 

Five normal female subjects ranging 
in age from 23 to 65 were chosen. Their 
nutritional s^te Avas satisfactory- and they 
were advised to maintain a AA-ell-balanced 
diet. For these persons, prothrombin 
time estimations were performed on 3 day-s, 
in each instance utilizing both viper venom 
and the thromboplastic tissue e.xtract. 
Every test was carried out twice. Aver- 
ages of the 6 values thus obtained in each 
case for either thromboplastic agent were 
calculated and taken for the premedica- 
tion prothrombin time with that particular 
thromboplastic agent. 

The duplicate assays done with a given 
thromboplastic material in the indi\-idual 
cases were in agreement within the limits 
of e.vperimental error. However, as ap- 
pears from Table 1, great variations were 
found in the prothrombin times obtained 


* Tlie vlt.-imiu K compound used in tins entire study was 2-methyl-l,4-naphthohydroquinonc- 
diphosplioric acid ester tetrasodium salt, Synkaj^-ito “Roche.” 

t For the purpose of this comparison it seemed adequate to utilize one of the commercially available, 
standardized preparations derived from lunj: ti'suc. 
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for the same subjects by using the 2 dif- 
ferent thromboplastic agents. 

Each person received quinine sulfate in 
single daily doses of 0.33 gm. by mouth 
for periods varying from 4 to 11 days. 
Prothrombin times were estimated at fre- 
quent intervals, utilizing both thrombo- 
plastic materials in each instance. With 
viper venom, quinine-induced hypopro- 
thrombinemia became evident after 4 to 
9 days, but the corresponding tests per- 
formed vdth thromboplastic tissue extract 
did not indicate a change of prothrombin 
activity. Quinine medication was con- 
tinued until the total intake amounted to 
2.64, 3.63, 3.33, 2.97 and 1.32 gm. respec- 
tively. The corresponding prolongations 
of prothrombin time at the end of these 
courses are listed in Table 2. 


been taken. Prothrombin time estima- 
tions carried out at frequent intervals with 
both thromboplastic agents in general 
yielded values which for the individual 
persons ranged at the same levels recorded 
for them vdth the respective agent in the 
premedication control period. 

The combined quinine sulfate-vitamin K 
medication was followed immediately by 
a third experimental phase in which vita- 
min K was withdrawn but quinine ad- 
ministration continued. Again all 5 sub- 
jects responded with another pronounced 
elevation of their prothrombin times when 
viper venom was used for performing the 
estimations, but they exhibited no change 
when thromboplastic tissue extract was 
employed. 

The accompanying charts portray the 


Table 1. — Phothbombin Time With Vipeb Venom and With Tissue Extract 


Case 


Prothrombin time 
using viper venom 

Prothrombin time 
using tissue extract 

No. 

Subject 

(sec ) 

(sec) 

1 

G. L.G. 

22 7 

13 3 

2 

E. F. 

21 3 

13.0 

3 

e.n. 

26 5 

13 9 

4 

M. P. 

24 4 

13 7 

3 

E.L 

25 7 

14 8 

Means of control prothrombin times obtained in 5 subjects by using viper venom and tissui 

respectively as thromboplastic agents. 

Table 2. — Prolongations 

OF Prothrombin 

Times 



Prothrombin time 

Prothrombin time 

Case 

Total quinine 

prolongations 
(viper venom) 

prolongations 
(tissue extract) 

No 

sulfate intake 

(sec.) 

(sec ) 

1 

2 64 

12 3 

0 7 

2 

3.63 

9 7 

0 

3 

3.33 

6 5 

2 1 

4 

2 97 

4 4 

1 1 

5 

1 32 

10 6 

0 2 


Prothrombin time prolongations obtained in 5 subjects at the end of course of quinine sulfate admin- 
istration, using viper venom and tissue extract respectively as thromboplastic agents. 


Upon discontinuing quinine sulfate the 
raised prothrombin times promptly re- 
gressed and approximated the respective 
control values within a few days. Subse- 
quently, each subject was placed on the 
combined oral medication of 0.33 gm. 
quinine sulfate and 5 mg. of a vitamin K 
compound daily (in Case 2 once 0.66 gm. 
quinine sulfate and 10 mg. of vitamin K 
were taken inadvertently). This dosage 
was continued at least over the period of 
time in which quinine sulfate alone had 


e.xperimental procedure, and the results 
obtained. 

Discussion. The findings presented 
furnish evidence that a prothrombinopenic 
action of quinine is demonstrable if viper 
venom is employed as thromboplastic 
agent, but that no such effect becomes 
evident if instead, a fast-acting thrombo- 
plastic tissue extract is used. The read- 
ings obtained v4th the latter preparation 
are of the same order of magnitude as 
those recorded by Quick.® In the 4 sub- 
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jects he studied, the premedication pro- 
thrombin times varied from 11.5 to 12.5 
seconds, and the corresponding findings 
for the 5 persons presented here ranged 
from 13 to 14.8 seconds, with readings 
during quinine medication never exceed- 
ing 16 seconds. 


emic action of quinine. The protective 
effect of vitamin K against such quinine- 
induced protlirombinopenia becomes evi- 
dent from the present findings and those 
reported previously.'* 

Quick in a recent paper® states with 
reference to his method of prothrombin 



CnAHT 1.— Effects of quinine sulfate and of quinine sulfate in conjunction ^^^th[SJ'nkaJ’-^'ite on pro- 
thrombin time values obtained with Russell viper venom and a fast-acting thromboplastic tissue extract 
in G. L. G., a white female, aged 23. In this chart and in Chart 2 it is shown that quinine-induced 
hiTJoprothrombinemia is reflected if Russell viper venom is used as the thromboplastic agent, but it 
is not with a fast-acting thromboplastic tissue extract; concurrent vitamin K administration counter- 
acts quinine-induced prothrombinoponia; continuation of quinine sulfate without vitamin K causes 
another rise of the prothrombin time if Russell viper venom is employed. 


In contrast, premedication values ob- 
tained with viper venom in the same 
indit-iduals varied from 21.3 to 26.5 sec- 
onds and showed elevations of as much 
as 12.3 seconds following the administra- 
tion of quinine over several dat’s. Such 
prolongations reflect a hj^joprothrombin- 


determination that one “cannot detect 
changes until the prothrombin drops to 
50%.” This is apparently not so if in 
place of a fast-acting thromboplastin, an 
agent of lesser speed, such as xdper venom, 
is used. Then also mild degrees of pro- 
thrombin depletion can be demonstrated. 
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Similarly, in experiments to be reported 
elsewhere it has been shorni that the 
salicylate-induced hypoprothrombinemia 
becomes apparent if either viper venom 
or a slowly acting thromboplastic tissue 
extract is used but that no prothrombino- 
penia is demonstrable with a fast-acting 
thromboplastin. However, as will like- 
wise be reported elsewhere, this fast-act- 


observed with viper venom in persons 
receiving quinine sulfate reflects a pro- 
thrombinopenic state, owing to the fact 
that concurrent vitamin K medication 
invariably prevents a rise of prothrombin 
time. 

Summary. Additional evidence is pre- 
sented that quinine sulfate reduces pro- 
thrombin acti\uty as gauged by the en- 



Chabt 2. — Effects of quinine sulfate and of quinine sulfate in conjunction with Synkayvite on pro- 
thrombin time values obtained with Russell mper venom and a fast-acting thromboplastic tissue extract 
in E. F., a white female, aged 35. 


ing thromboplastic tissue extract reflected 
a more marked reduction in prothrombin 
actiHty in patients receitdng dicumarol 
than did viper venom. Therefore, the 
possibility must not be overlooked that 
with different thromboplastic agents, dif- 
ferent factors of the complex process of 
blood coagulation are affected. Notwith- 
standing, there can be no doubt that an 
elevation of the prothrombin time as 


suing prolongation of prothrombin time 
if Russell viper venom is used as thrombo- 
plastic agent. Quinine-induced hypopro- 
thrombinemia can be prevented by the 
concurrent administration of vitamin K. 

In order to elucidate the discrepancy 
between these findings and those of 
Quick, comparative prothrombin time 
estimations were carried out, employing 
viper venom on the one hand and a fast- 
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acting thromboplastic tissue extract on tlie 
other. With the former, prothrombino- 
penia was clearly demonstrable in 5 per- 
sons recei\ang quinine sulfate orally; 
however, with the latter it was not. The 


prolongations of the prothrombin time as 
reflected in the tests with viper venom 
were counteracted in these subjects if 
vitamin K was administered with the 
quinine. 


We wish to express our appreciation to Dr. Harry Neivert, who made it possible for us to conduct 
this work in his laboratory and who exercised supervision over the test subjects. Also we wish to extend 
our thanks to Dr. Searle of Burroughs-Wellcome & Co., Inc., New York, who provided the "Stypven” 
Russell viper venom used for some of the prothrombin estimations. 
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ELECTROCARDIOGRAPHIC OBSERVATIONS IN CHRONIC CHOLECYSTITIS 
BEFORE AND AFTER SURGERY 

By E. Ruth Breitvsheser, M.D. 

assistant instructor in medicine, school op medicine, UNIVERSm- OF PENNSYLVANIA 

PHILADELPHIA, PENNSYLVANIA 

(From the Gastro-intestinal Section [Kinsey-Thomas Foundation] and Edward B. Robinette Foundation 
of Medical Clinic, University of Pennsylvania Hospital) 


It is well established that a relationship 
exists between gall bladder disease and 
coronary artery disease. As has been 
stated by Wolferth/^ and shoivTi in post- 
mortem studies by Walsh et al}* and 
Breyfogle/ the 2 conditions occur together 
more often than would be expected from 
the incidence of each alone. In clinical 
studies Willius and Fitzpatrick*® and 
Schwarz and Herman*^ have noted a simi- 
lar coincidence of cholecystitis and cardiac 
affections. The cardiac symptoms of 54% 
of the patients reported by Willius and 
Fitzpatrick improved following cholecyst- 
ectomy. Straus and Hamburger*® have 
described 2 cases vith irregular cardiac 
rhj’thm that became regular after surger3'. 
Improvement in cardiac sj^mptoms after 
gall bladder surgerj' has also been noted 
bj' Babcock,* Graham and his associates^ 
and LichtJ^® Roberts** reported 5 cases 
diagnosed as angina pectoris because of 
tj'pical histories. Subsequently each de- 
veloped gall bladder colic and underwent 
cholecj'stectomj’^ with complete relief of 
the anginal S3Tnptoms as well as the biliary 
colic. Miller® and Barker and his co- 
workers® have likem'se noted that cardiac 
symptoms ma3' mimic those of cholecyst- 
itis or vice versa. 

Further indications of the relationship 
between the 2 conditions are the electro- 
cardiographic abnormalities that not in- 
frequently occur in chohcystitis either 
with or without cardiac S3"mptoms and 
the frequenc3' with which the3' revert 
toward normal following cholec3'stectom3', 
the most common abnormalit3’ being de- 
pression of the T waves. Fitz-Hugh and 
Wolferth,® in 1935, reported 6 cases with 
cardiac symptoms, T wave changes in the 


electrocardiogram and cholec3'stitis, all of 
which improved following cholec3'stec- 
tom3\ Weiss and Hamilton*® reported 
21 patients with cholelithiasis, 4 of whom 
had abnormal preoperative electrocardio- 
grams. Eight da3's after cholec3'stectom3', 
3 of the tracings had returned to normal. 
Inasmuch as 1 of these patients had essen- 
tial h3’pertension, the authors concluded 
that the gall bladder operation had caused 
improvement in onl3" 2 of the 4 cases, both 
of those that showed improvement having 
inverted T waves preoperatively and up- 
right ones 8 days later. Boas and Levy® 
and Clarke® eaeh reported a case in which 
flattened T waves became upright after 
cholec3-stectom3'. Moschcowitz*® describ- 
ed a patient whose electrocardiogram 
showed a prolonged P-R Interval pre- 
operativeB’ and a normal one after re- 
moval of a diseased gall bladder. 

Although these authors have reported 
electrocardiographic changes, most of the 
literature has been concerned with clini- 
cal changes, and we therefore thought it 
worthwhile to reriew the electrocardio- 
grams of the cholec3"stectom3’ cases done 
in this hospital during a 6 year period. 
The case that prompted us to do this is, 

I believe, of sufficient interest to warrant 
reporting it in some detail. 

Case 1. A.M.fNo. linTablel),a60year 
old man, was admitted to the TJniversit3' 
Hospital in April 1943, because of repeated 
attacks of severe epigastric pain, associated 
with abdominal distention and gaseous 
eructations relieved onl3’ b5’’ morphine. He 
also complained of chest pain that devel- 
oped with exertion or mental perturbation 
and was relieved b3’’ nitroglycerin. Multiple 
gall stones were seen on radiographic films 
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and an electrocardiogram showed T wave 
deformities and extrasystoles. Because of 
the obvious clinical and roentgenologic evi- 
dence of calculous cholecystitis, an operation 
was recommended. He preferred, however, 
to try conservative measures and cholecyst- 
ectomy was not urged. 

On a low fat diet he remained relatively 
free from gall bladder attacks although his 
angina continued. Late in 1943 he began 
to lose weight and an electrocardiogram in 
January 1944 still showed diphasic T waves 
in Leads I, II and CRb with a regular 
rhythm. With a slight increase in diet the 
episodes of colic increased in frequency and 
in April 1945 two attacks occurring within 
2 days caused his readmission to the hospital. 
In view of his continued difficulty, surgery 
was deemed essential in spite of his cardiac 
symptoms and a cholecystectom}'^ was done 
on June 1, 1945. The electrocardiogram 
taken 6 days prior to operation (Fig. lA) 
showed less pronounced changes than any 
of the pre^dous tracings but it was still defi- 
nitely abnormal with diphasic T waves. 
Eleven days postoperatively this had im- 
proved so markedly that only slight flatten- 
ing of the T waves could be seen (Fig. IB). 
In the 10 months since June 1945, he has 
had no attacks of gall bladder colic and only 
1 episode of anginal pain, occurring with the 
excitement of V-J Dajn His electrocardio- 
gram, the most recent being April 1946, has 
remained as it was in the immediate post- 
operative period; not normal but definitely 
better than any taken before operation. 

In order to determine whether the im- 
provement in this case was unusual, we 
re^•iewed the records of 621 unselected 
gall bladder operations performed in this 
hospital between September 1938 and 
December 1944. Only 66 of the patients 
had had an electrocardiogram within a 
year prior to operation, and 30 (45%) of 
these were negative. Of the 36 patients 
with abnormal electrocardiographic trac- 
ings, 17 could be followed. Five of the 
others had died and 14 could not be 
traced. The inclusion of the case (A. M.) 
previously reported in this paper makes a 
total of IS patients to be considered. All 
had pre- and postoperative electrocardio- 
grams and all but 1 had gall stones at 
operation. 


Ten (56%) of that group (Nos. 1 to 10 
of Table 1) showed marked improvement 
in the postoperative electrocardiogram. In 
No. 10, however, the preoperative abnor- 
mality may have been due to a myocardial 
infarct, the healing of which caused a 
return of the electrocardiogram to nor- 
mal. The exclusion of this case, in which 
the relation to cholecystectomy may have 
been coincidental, gives 9 cases (50%) 
that showed electrocardiographic improve- 
ment postoperatively because of the surgi- 
cal procedure. The postoperative trac- 
ings of 4 (22 %) of the 18 were unchanged, 
3 (16%) were worse and 1 (6%) could 
not be interpreted because of digitalis 
effects. None of these 10 patients, whose 
tracings reverted toward normal following 
surgery, had at any time electrocardio- 
graphic evidence of severe myocardial dis- 
ease although 1 (No. 1) was nearly inca- 
pacitated by anginal attacks and another 
(No. S) occasionally had such episodes. 
The first patient has had only 1 anginal 
attack since cholecystectomy and the 
other patient has had none. 

Six patients (Nos. 11, 12, 13, 16, 17 and 
18) had definite cardiac lesions as revealed 
by their electrocardiograms. After gall 
bladder operations, electrocardiographic 
erddence of the cardiac condition pro- 
gressed in Cases 16 and 17, remained sta- 
tionary in Cases 11, 12 and 13 and in 
Case 18 could not be interpreted because 
of digitalis effects. This latter patient, 
however, did have less anginal pain after 
operation. 

If a systolic pressure over 170 and/or a 
diastolic pressure over 100 be regarded as 
constituting hypertension, then 5 of our 
patients were hypertensive. The electro- 
cardiogram of 2 of these did not change 
postoperatively; 2 improved, and I iie- 
came worse. It is possible that the 
T-wave abnormality noted in these pa- 
tients was a transient change associated 
with their elevated blood pressure and 
that the improvement after surgery was 
coincidental. Eliminating Case 10 for the 
reasons already stated, and considering 
only the remaining 12 patients with nor- 



»» li 


Wood 

'■mprovefflern “7 w (' oases) shm- i 
et'^Vams, (,7'^>P“‘“Perat,Ve efee- 

S% cTe f2casS)teor“ "■'’■<> ""- 
cause ofTl ?“''' be ^ "■°"°' “"o' 

/ digjtaJjs effects *^^'P^eted be- rij.it T u- ' ‘‘^""’ever ,> ; 

^ ptfe": r '>‘"■"0 te peese,, • S S'”*™™ " » '" "' 

'"■"''ed marited),.'. J'" f"“‘ ^ t),^ ' "“es ftoV. t in „ 

•>• others 3 


■""’''S PltroKt; aKD ater 

' '“."T ," 

‘WtriT^ occur nntS^ 


T~t- „™V“"‘-'o7Se 

Ot knowtj^ 



li I 1 1 i n 

■JUiJA,! i I 

ht^i; Ilf- ff-^ 



■ "'■ ‘ '' O'".-, ad. „a 


loa , *■’ "ornin/. 

/'V iiad Jess fr 

^•'•'o. JJ) I ^^^Oeut cn/soW 

'"•''XaT/r''''''-'-"'' ’ tJ" "'Ofre. 

'Jo „ "o'ld. 'vlu-eJ, 

'■"ported I, ore'!,"' ''■"■'’( llic Is „ • 
‘'Jpcfroc-irfj.- ‘‘'oJectcd ^ P'^^icnts 

“0 KUOU JJ 


tl)e\- 

"Ofrgest/ve a ^eucn / 

case '"•'■°oard/af w 

>'W,. „ ':^'"».-s r<;/JectXTrt d"''*- 


602 breitwieser: chronic cholecystitis before and affer surgery 


arising from perverted biliary tract func- 
tion. In these cases ■vsdth no definite car- 
diac damage, cholecystectomy may well 
improve the electrocardiogram as well as 
relieve the gall bladder symptoms and 
such patients should not be deprived of 
operation when it is indicated. 

Conclusions. We have reported pre- 
operative and postoperative electrocardio- 
graphic observations in 17 cases of calcu- 
lous cholecystitis and in 1 case of non- 
calculous cholecystitis, all of whom had 


abnormal preoperative tracings. Includ- 
ing those vdth cardiac symptoms as well 
as those without, 50% showed reversion 
of the T waves toward normal following 
gall bladder surgery. Excluding the 5 pa- 
tients with hypertension did not signifi- 
cantly change this percentage. In view of 
these results, T wave changes, unless asso- 
ciated with other indications of severe 
myocardial damage, should not be con- 
sidered a contraindication to operation in 
chronic cholecystitis. 


I wish to acknowledge my appreciation to Dr. Charles C. Wolferth and Dr. T. Grier Miller for theii 
invaluable assistance. 
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Since the publication of the classical 
contributions of Weiss and his co-workers 
on the clinical significance of hypersensi- 
tivity of the carotid sinus, the eiforts of 
other investigators have established the 
frequency of this condition in older male 
individuals. Arteriosclerosis, hypertension 
and congestive heart failure are significant 
contributing factors, as is also the influ- 
ence of drugs such as morphine and digi- 
talis. Testing for sensitivity of the caro- 
tid sinus has become an important part 
of the physical examination in any person 
presenting attacks of syncope or atypical 
cardiac manifestations. That this pro- 
cedure may have harmful effects and cause 
permanent damage has been revealed in 
several recent publications. To add 
another example of irreversible cerebral 
damage following carotid sinus pressure 
and to discuss the implications of this ex- 
perience is the purpose of this paper. 

Weiss and Baker^'^ distinguished 3 forms 
of reflex response to carotid sinus stimula- 
tion: the vagal or cardio-inhibitory, char- 
acterized by marked bradycardia, usually 
witli asystole; the depressor, with fall in 
blood pressure and but slight cardiac 
slowing; and the cerebral form in which 
syncopal or convulsive phenomena occur 
without significant change in heart rate 
(w blood pressure. Mixed forms were 
recognized and in later papers^'*® they 
were able to separate the cerebral type 
more completely with the use of atropine 
to block the vagal response. In these 
later studies they also demonstrated that 
simple occlusion of the carotid artery well 
below the sinus did not elicit the cerebral 
reactions. They attributed the cerebral 
resj)onse to localized vasoconstriction in 
rt'aetion to the impulses arising in the 
carotid sinus. However, they were unable 


to find any erddence of diminution of total 
cerebral blood flow or of cerebral anoxia, 
such as clearly occurred in the course of 
the cerebral reactions secondary to the 
asystolic type. Further evidence against 
the vasoconstrictor hypothesis was the 
inability to prevent or modify the cere- 
bral response by the administration of 
vasodilators, or by inhalation of oxygen. 
On the other hand, the spinal fluid dy- 
namics observed in the course of the reac- 
tions suggested that variations of blood- 
vessel caliber did occur in the cerebral 
circulation. Lennox, Gibbs and Gibbs® 
likewise failed to find any evidence of 
cerebral anoxia and they attributed the 
unconsciousness and other direct cerebral 
phenomena to a purely neural inhibition 
which they likened to catalepsy and to 
reflex epilepsy. However, most observers 
appear to hold to the idea of a local cere- 
bro-vascular response not extensive enough 
to alTeet total cerebral blood flow or oxy- 
genation. Numerous electro-encephalo- 
graphic observations have been made on 
the cerebral type of carotid sinus reflex 
and there exists some difference of opinion 
as to the usual form of brain wave re- 
sponse.®’’®'*‘‘ These studies do not clarify 
the problem of whether the effect is 
secondary to circulatory reaction or is 
primarily neurogenic. 

It should be noted that the ccrel)ral 
phenomena usually observed in the cen- 
tra! type of carotid sinus reflex are revers- 
ible in character, consisting chiefly of 
transient unconsciousness or s\-ncope, con- 
vulsive movements, or numbness and par- 
esthesias generally referred to the contra- 
lateral side of the body. That an irre- 
versible, permanent cerebral effect of car- 
otid sinus stimulation might occur wa.*: 
first suggested by Galdston, Govons, Wor- 
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tis, Steele and Taylor.® They noted a 
possible causal relationship between a 
hyperactive carotid sinus of the vagus 
type and contralateral complete thrombo- 
sis of the common, internal and external 
carotid arteries mth hemiplegia. More 
direct, and even dramatic, confirmation 
of this hjTDOthesis was the report of 
Marmor and Sapirstein** on the occurrence 
of a fatally progressive thrombosis of both 
anterior cerebral arteries following stimu- 
lation of the right carotid sinus in a man 
of 53 years. In this case there was slow- 
ing of the pulse vdthout asystole, and 
clonic twitchings with syncope from which 
the patient quickly recovered, onlj' to 
lapse vuthin a few minutes into stupor, 
with incontinence and a right hemiplegia. 
Thrombosis of the left anterior cerebral 
artery was diagnosed. Later the paralysis 
involved the opposite side as well. At 
postmortem, recent thrombus formation 
was found in both anterior cerebral arter- 
ies. In this case, too, the thrombotic 
process in the cerebrum occurred primar- 
ily on the side opposite to that of the 
stimulated sinus and appears to have been 
induced in the course of the diminished 
blood flow secondary to the cardio-inhibi- 
tory tjqDe of carotid sinus reflex, '\^^lether 
there was an element of the cerebral form 
of reflex response as well is speculative. 

During the 5 year interval since the 
case report of Marmor and Sapirstein, the 
sole reference to permanent cerebral ef- 
fects as a result of carotid sinus pressure 
is to be found in Lerine’s textbook, 
“Clinical Heart Disease.”® In his dis- 
cussion of the treatment of paroxysmal 
auricular tachycardia he notes the occur- 
rence of hemiplegia as a hazard of carotid 
sinus stimulation in the aged. 

The most significant and arresting ob- 
servations are contained in a recent paper 
by Askey on hemiplegia following carotid 
sinus stimulation.^ As a result of the 
pooled experience of the California Heart 
Association, 7 such occurrences are de- 
scribed. This investigator is of the opinion 
that a direct cerebral reflex occurs with 
resulting vasoconstriction. In the elderly 


and particularly in the presence of cere- 
bral arteriosclerosis this usually reversible 
phenomenon precipitates a chain of events 
which leads to occlusion of the vessel by a 
thrombotic process. In all 7 cases the 
cerebral hemisphere involved was on the 
same side as the carotid sinus stimulated. 
In 2 instances either slight or no cardiac 
slowing occurred and in these cases at 
least the hemiplegia could not be ex- 
plained as due to diminution in total 
cerebral blood flow secondary to asystole. 
This point of view is strengthened by the 
history of recurrent transient hemiplegia 
in 1 of these patients. This history, 
together with the evident presence of a 
hyperactive sinus in all these cases, also 
argues strongly against the idea that sim- 
ple carotid artery occlusion was respon- 
sible for the cerebro-vascular thrombosis. 
Hemiplegia occurred on only light mas- 
sage of the sinus without the possibility 
of occlusion of the vessel during testing. 

These observations indicate that in 
some of these cases, if not in all, the 
paralysis represented an irreversible reac- 
tion to the cerebral type of carotid sinus 
hypersensitirity. Askey cites Weiss and 
his co-workers’ earlier observation on the 
reversible forms in excluding the possi- 
bility that simple temporary closure of 
the carotid might induce the cerebral 
thrombosis. 

However, it must be granted that, al- 
though the mechanism most probably de- 
pends on the sinus reflex, it may not be 
so mediated. in ever 3 ’’ instance. Particu- 
larlj' in the aged, obstruction to carotid 
blood flow maj' be poorl%' borne. Ray 
and Stewart’® cite an instance of arterio- 
venous fistula between the internal caro- 
tid arterj" and the cavernous sinus in a 
man of 61 j’ears. Pressure on the carotid 
sinus on the same side induced conxmlsions 
and unconsciousness. Procainization of 
the sinus did not abolish this response, 
which they then attributed to simple 
closure of the carotid b\' pressure. Engel, 
in discussing the general aspects of syn- 
cope, has pointed out that the clinical 
picture maj’ be modified bj' preexistent 
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structural defects, such as cerebral arterio- 
sclerosis, and that elderly patients may 
be expected to lose consciousness more 
quickly and to recover more slowly.® 
Previous investigators®'^®’^® have indi- 
cated that hypersensitivity of the carotid 
sinus mechanism and the clinical syn- 
dromes resulting from it occur frequently 
in old age. A study of the responses to 
carotid sinus stimulation was undertaken 
among residents of a home for the aged. 
One hundred and eighty-eight persons 
were tested, 106 female and 82 male, with 
an age range from 62 to 92 years, 22 
(12%) showed a response with cardiac 
asystole. There were 2 instances of the 
reversible form of cerebral response. In 
accordance with the warnings of various 
observers, all patients were tested in the 
recumbent position. Nonetheless the last 
subject in the series developed a mono- 
plegia wthin a few minutes following 
carotid sinus testing. 

Case Report. The patient, a man of 83 
years, had suffered from hypertension for 
many years. The past history was unre- 
lated to the present illness except that he 
had an old Bell’s palsy with residual right 
facial weakness. The family history was of 
interest in that the patient’s mother had 
died at 94 years and his father at 79 years 
of age. At the time of admission to the home, 
3 years before the present incident, his blood 
pressure had been found to be 230/100. 
Otherwise the physical examination revealed 
only moderate cardiac enlargement, the 
chest Roentgen ray showed the heart to be 
somewhat globular in shape but not defi- 
nitely enlarged and the aorta elongated. 
Hemoglobin was 81%; red blood cells, 4,100- 
000; white blood cells, 5600 (poljTuorpho- 
nuclears, 67%; Ij'mphocytes, 29%; mono- 
cytes, 3%; eosinophils, 1%). The blood 
Wassermann reaction was negative. The 
urine showed many white blood cells, 
clumped, and a trace of albumin. Blood 
glucose was 90 mg. per 100 cc., and the 
urea nitrogen 13 mg. Subsequent blood 
pressures ranged from 185/90 to 240/100. 
On several occasions he had episodes of 
wheezing dyspnea, usually considered bron- 
chial rather than cardiac in origin. He was 
placed on digitalis for a short while but was 


not taking this, or any other medication, 
at the time of his carotid sinus test. Elec- 
trocardiograms taken over a 3 year period 
showed chiefly left axis de%iation and high 
voltage of complexes indicative of left 
ventricular hypertrophy. There was also 
semi-inversion of T-1 and T-2. The trac- 
ings were essentially unchanged over this 
time. 

This individual was included in the group 
for routine testing of carotid sinus respon- 
siA^eness. As with the others, he was tested 
while lying in the supine position on an 
examining table. Pressure was made first 
on the right and then on the left carotid 
sinus area, each side for 15 seconds. There 
was no response in terms of cardiac slowing 
or asystole and no noticeable change in heart 
sounds. No evidence of cerebral response 
was observed in that there ivas no sjmcope, 
no conAuilsive phenomena of any kind, no 
fixation of gaze and no facial pallor as has 
been so often observed to accompany the 
cerebral form of response. Almost imme- 
diately after this negative test he was al- 
lowed to rise from the examining table, and 
left the room without any assistance. How- 
ever. within a few minutes our attention 
was called to him by other residents of 
of the home and he was found nearby, sit- 
ting in a chair complaining that his right 
arm felt heaA’^y. On examination he was 
unable to raise the right upper extremity, 
which was in a state of flaccid paralysis. He 
was placed at bed rest and given vasodilator 
medication. In the next day or 2 he devel- 
oped slight drowsiness and d3’^sarthria which 
rapidly cleared. There was no eAodence of 
involvement of the right lower extremity 
and no pathologic reflexes Avere obserA’ed. 
Within seA’^eral days he AA’as sitting up and 
not long after he was up and about. 

His monoplegia has persisted and he find.'? 
it necessarj' to keep his arm in a sling for 
comfort. OA’er a j’ear has passed since the 
incident, and paresis of the arm still persists. 
No further cerebral manifestations have 
been noted. 

The e.xperience liere recorded, supported 
as it noAv is by the observations of others, 
is cAodently not an isolated one. Carotid 
sinus stimulation can no longer be re- 
garded as an innocuous procedure in the 
aged or in any patient A\nth e\-idence of 
arteriosclerosis or Avith long-standing hy- 
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pertension. We are aware that the 
complications to which we draw attention 
must be rare. Sigler tested 1886 indi- 
viduals without any untoward incident.*® 
Engel, who has had an extensive experi- 
ence with carotid sinus stimulation, states: 
“ I am not familiar in my personal experi- 
ence with any instance of untoward cere- 
brovascular complication following carotid 
sinus testing.”® 

Despite the rarity of this irreversible 
reaction, its serious and permanent nature 
impels us to warn against the casual em- 
ployment of this test. Others have ad- 
vised that the test be performed “cau- 
tiously” and have recommended that the 
subject be in the recumbent position. As 
to the first, it should be pointed out that 
the reflex mechanism once set in motion 
cannot be controlled. The sinus is either 
stimulated or not, but it is impossible to 
do it cautiously. Our own case demon- 
strates that the recumbent position will 
not prevent these unfortunate accidents. 
This precaution may be helpful in cases 
of the vagal type by avoidance of sjmcope 
and disturbance of cerebral blood flow 
secondary to asystole but it will not have 
any effect where the efferent impulse 
affects the cerebrum or its vessels directly. 

Our conclusion must be that the test 
should be reserved for those cases where 
it m’ll serve a diagnostic or therapeutic 
purpose of definite importance. It should 
not be used as a routine test in patients 
past 50 years of age. It should not be 
employed in the elderly to stop attacks 
of supraventricular tachycardia e.xcept in 
the unusual and obstinate cases where 
other measures have failed. 

An interesting speculation which natur- 
ally stems from these observations per- 
tains to the possible role of the hypersen- 
sitive carotid sinus mechanism in the spon- 
taneous precipitation of cerebral accidents. 
The cases of Marmor and Sapirstein, and 
of Askey, and- the present instance show 
that cerebro-vascular thrombosis may 
occur in response to stimulation of the 
carotid sinus, whether the hj-persensitive 
mechanism is of the vagal or the cerebral 


type. In either case the abnormal arterio- 
sclerotic cerebro-vascular apparatus per- 
mits thrombosis when there is a significant 
disturbance of blood flow, probably to- 
gether with vasoconstriction. 

Recognition of this pathogenetic mech- 
anism as of possible significance in the 
causation of cerebral accidents suggests 
the possibility of instituting prophylactic 
measures in suitable cases. Thus in the 
elderly, and indeed in all those past 50 
years, where hypertension or arterio- 
sclerosis is present, whether cerebral, cor- 
onary or peripheral, avoidance of all 
constriction of the neck should be advised. 
These patients should be warned against 
abrupt and violent movements of the neck 
or head, and against straining at stool or 
heavy lifting and bending. 

Furthermore, consideration should be 
given to the avoidance of cholinergic drugs 
such as neostigmin, and particularly mor- 
phine and related medications. These 
agents certainly potentiate the vagal form 
of the hypersensitive carotid sinus reflex, 
if not the cerebral. The authors have 
had an opportunity to observe that caro- 
tid sinus pressure often brings a paro.xysm 
of auricular tachycardia to a stop after 
the administration of morphine, although 
it was previously ineffective. Digitalis 
has been found to sensitize the vagal type 
of refle.x®'*® and Weiss and co-workers sug- 
gest that it may have a similar action in 
the cerebral form.® We join these authors 
in warning against unnecessary digitaliza- 
tion as increasing the risk of cerebral com- 
plications in the elderly. Weiss and co- 
workers particularly deplored the routine 
preoperative use of digitalis in such pa- 
tients. Rovenstine and Cullen’® likewise 
noted the dangers in preoperative use of 
digitalis or morphine in patients with a 
hj-persensitive carotid sinus, and ad\dsed 
that during the operation, and in the 
administration of anesthesia, too \ngorous 
manipulation of the head and neck be 
avoided. In the elderly morphine should 
be avoided, preoperativelj- and otherwise, 
and if used, should always be accompanied 
by atropine sulfate, gr- It is possible 
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that atropine should be more widely used 
in the aged to block the vagal type of 
hyperactive carotid reflex. It naight be 
included, with benefit, in the commonly 
used vasodilator combination of theo- 
phylline, papaverine and phenobarbital, 
in the management of patients with 
arteriosclerosis either with or without 
hypertension. 

Summary. A man, aged 83 years, with 
long-standing hypertension, developed a 
permanent right monoplegia within a few 
minutes after carotid sinus testing. The 
literature is reviewed with particular 


reference to the occurrence of cerebro- 
vascular complications following carotid 
sinus stimulation. A warning is sounded 
against the casual employment of carotid 
sinus pressure either as a diagnostic test 
or therapeutic measure in aged patients 
suffering from hypertension and arterio- 
sclerosis. The possible role of the hyper- 
sensitive carotid sinus reflex in the pre- 
cipitation of spontaneous cerebral acci- 
dents is discussed. On the basis of this 
hypothesis, suggestions for the prophy- 
laxis of cerebro-vascular accidents in the 
aged are outlined. 
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PHILADELPHIA 

Fheqvency of the Carrier State; 
In a previous publication Wenrich, Stabler 
and Arnett® found that 4.1% of 1060 
students entering a Philadelphia col- 
lege were symptomless carriers of E. histo- 
lytica. A later studj-^ revealed an inci- 
dence of 11.1 % of carriers among 190 food 
handlers of this institution. A survey of 
a home for the aged on the outskirts of 
Philadelphia® revealed an incidence of 
11.3% of carriers among 53 inmates and 
employees. These figures are not to be 
interpreted as indicating an undue preva- 
lence of E. histolytica in the institutions 
in question or in the city of Philadelphia, 
but merely as confirming for this locality 
the opinion of Crai|~ and others, that 5 
to 10% of the population of the United 
States harbor E. histolytica in their intes- 
tinal tracts. Other protozoa were, of 
course, encountered commonly: interest, 
however, centered around E. histolytica 
because of its potentialities for producing 
amebic dysentery. It should be empha- 
sized, however, that the work herewith 
reported applies only to carriers, and not 
to patients with amebic dysentery. The 
treatment of the latter disease offers a 
different, and more difficult problem which 
will not be dealt with here. 

Method and Object of Study. Although we 
found no evidence that the presence of E. 
histolytica in the stools of our subjects did 
them an}' harm, however, it was felt adris- 
able to relieve them of their parasites. To 
accomplish this, 2 courses of chiniofon or 
carbarsone were administered to alternate 
cases during the early part of this study. 
Later only 1 course was given, and, finall}-, 
rioform was given to 12 successive cases. 
Repeated stool examinations for all protozoa 
were made before, during and after treat- 
ment. Where possible reexammations were 
also made at inteiwals after the treatment 
had been stopped. 


SEBVICE B, EPISCOPAL HOSPITAL 
, PENNSYLVANIA 

Feces samples, obtained without laxatives, 
were examined by D. H. Wenrich, Ph.D., 
and R. M. Stabler, Ph.D., of the Zoolog}’ 
Department of the University of Pennsyl- 
vania, both as wet preparations and after 
fixing and staining in the manner referred 
to in a previous article.* The following 
criteria and terms were adopted: (a) For 
inclusion in this study, at least 2 positive 
stools before treatment, (b) For “disap- 
pearance,” consistently negative stools (at 
least 2) during treatment or for 1 week 
thereafter, (c) The term "reappearance” 
is used to denote the recurrence of 1 or 
mere positive stools after the “disappear- 
ance” of the organism has occurred (d). 
When stool samples were submitted irregu- 
larly during the course of treatment, the 
time of disappearance was assumed to have 
occurred on the 1st day after the last positive 
stool. 

The dosage of carbarsone was 1 capsule 
of 0.25 gm. given with breakfast and 1 with 
supper for 10 days. That of vioform was 
1 capsule of 0.25 gm. 3 times daily for 
1 week. That of chiniofon was 1 piU of 
0.25 gm. 3 times daily after meals on the 
1st day, 2 pills after meals on the 2nd day 
to the 5th, and 3 pills after meals on the 
6th and 7th days. Tllien diarrhea or other 
unpleasant s}’'mptoms arose, medication 
was temporarily discontinued, to be resumed 
later with the same, or another drug, depend- 
ing upon circumstances. 

Results. E. Histolytica. Sixteen E. 
histolytica carriers treated with chiniofon 
fulfilled the criteria for inclusion in this 
study. In 4 of these the drug w-as stopped 
because of diarrhea. Four other cases 
complained of lesser degrees of diarrhea 
not requiring the discontinuance of the 
drug and the remaining 8 had no symp- 
toms. In 11 of the 12 cases continuing 
treatment, E. histolytica disappeared from 
the stools in an average of 2.9 days. The 
12th case revealed E. histolytica 6 days 
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after the cessation of the first course of 
treatment, l)ut the organisms disappeared 
on the 4th day of the second course of 
chiniofon. 

Thirteen persons receiving carbarsone 
fulfilled the requirements for inclusion. 
Of these, 1 complained of diarrhea, 1 of 
diarrhea and dizziness, 1 of constipation 
and 1 of itching within the rectum. In 
1 case the symptoms were sufficiently 
severe to require temporary discontinu- 
ance of the drug. E. Mstolyiica disappear- 
ed from the stools in 12 cases, the average 
time required being 1.9 days. In the 
13th case E. Mslolyiica was found in 3 of 
4 specimens submitted before carbarsone 
was given. Three stools submitted dur- 
ing the first course of carbarsone were 
negative. After a 10 day rest period dur- 
ing which no stools were submitted, a 
second course of carbarsone was given 
and on the 5th day of this course a stool 
was positive; 42 days later a final sample 
was submitted which was negative. 

Twelve individuals receiving vioform 
fulfilled the requirements for inclusion. 
Of these, 1 complained of diarrhea. Here 
medication would have been changed to 
another preparation had not the organism 
disappeared from the stools and no further 
treatment was deemed necessary. In all 
cases treatment was successful, the aver- 
age time required for the disappearance 
of E. histolytica from the stools being 
1.7 days. 

Other Organisms. Although the pres- 
ence of protozoa other than E. histolytica 
was not regarded as an indication for 
treatment, yet while treatment was being 
administered to the E. histolytica carriers, 
it seemed worth while to record its effects 
on any other protozoa which happened to 
be present. 

E. coli: Of 4 carriers of E. coli the 
organisms disappeared during chiniofon 
medication in 3 instances in an average 
of 3.7 days, but reapjjeared in 1 of the 3. 
Of the 6 carriers of E. coli receiving car- 
barsone the organisms disappeared from 
the stools in all cases in an average of 
3.1 day.s but reappeared in 2 instance.s. 

'ou 213. ,so. .*)—>! vT, 1P4T 


There were no carriers of E. coli in the 
vioform treated group. 

Endolimax nana: This organism was 
present in 5 individuals in the group 
treated with chiniofon, but in only 2 of 
them did the organisms disappear from 
the stools, the average time being 6 daj’s. 
In 1 of these endolimax reappeared after 
treatment was stopped. In the carbar- 
sone treated group 7 revealed endolimax 
which disappeared from the stools in all 
cases in an average of 2.9 days, but reap- 
peared in 2 cases. In 5 of the \doform 
treated group endolimax disappeared from 
the stools in an average of 1 day, but all 
reappeared after treatment had been 
stopped. 

Diendamwba fragilis was present in 2 
of the chiniofon treated group, disap- 
peared in an average of 4 days and reap- 
peared in 1 instance. It w’as present in 
neither the carbarsone nor \uoform treated 
groups. 

lodameba was present in the carbarsone 
treated group only, occurred but once, and 
disappeared in 3 days without reappearing. 

Giardia was present in 2 of the chinio- 
fon treated cases, and disappeared 5 days 
after treatment w'as begun in 1 of these. 
The other case did not become negative 
on 15 tablets (3.7 gm.) of chiniofon; this 
drug was discontinued because of the ap- 
pearance of diarrhea. A subsequent course 
of carbarsone resulted in the disappear- 
ance of giardia without recurrence. 

Chiloviastix: Of 2 instances of chilo- 
mastix infestation the organism disap- 
peared on the 2nd day after the adminis- 
tration of vioform w'as begun in 1 instance, 
but later reappeared. In the 2nd instance 
the organism disappeared 3 days after the 
administration of carbarsone, the data 
being insufficient to indicate whether or 
not there was any reappearance. 

Summary, 1. Chiniofon, carbarsone 
and \ioform all pro\-ed efficient in ridding 
apparently healthy carriers of E. histoly- 
tica. 

2. These drugs did not prove as efficient 
in eliminating other protozoa from the 
stools. 
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In evaluating any drug, 2 primary ques- 
tions arise; (1) the toxicity of the agent; 
and (2) its therapeutic efficacy. An addi- 
tional problem in pharmacotherapeutics 
is the comparison of the drug under con- 
sideration with other agents in terms of 
toxicity and efficacy. 

Tryparsamide, a penta valent arsenical, 
was synthesized by Jacobs and Heidel- 
lierger in 1919.^- Pearce and Brown^^ 
obseri'cd that it had very little effect on 
the spirochetes in the lesions of experi- 
mental rabbit syphilis. Moore and his 
associates-® were unable to influence the 
course of infectious syphilis in patients. 
I here was no regression of the skin mani- 
festations of 6 patients with infectious 
syphilis, and in 3 the T. 'pallidmn was 
demonstrable on repeated dark-field exam- 
inations. Dubois® followed a patient Avho 
developed a chancre while receiving weekly 
injections of tryparsamide for chronic 
tryp.anosomiasis. The spirochetes flour- 
ished during the arsenothcrapy and the 
drug had no apparent effect on the course 
of the syphilis. The inability of tryparsa- 
nu'de to influence either the spirochetes or 


lesions of infectious syphilis is apparent 
from these few observations. 

Pharmacology. The assumption is well 
supported that organic arsenicals are 
therapeutically active by virtue of their 
ability to inhibit essential metabolic proc- 
esses of the parasite. Voegtlin, Dyer and 
Leonard®® and later RosenthaP® suggested 
that trivalent arsenicals unite with the 
cytoplasmic sulfhydryl (SH) groups of the 
organism. These workers presented evi- 
dence that the activity of the pentavalent 
group depends on the ability of the tissues 
to reduce the drugs of higher valency to 
the trivalent form. Recently Hogan and 
Eagle” have suggested that the therapeu- 
tic value of an arsenical compound is 
proportional to the amount clinically 
bound by the pathogen. It was found 
that trivalent arsenicals are bound by 
tissues to a greater degree than are the 
pentavalent compounds. The amount of 
arsenical remaining in the tissues after 
injection of 700 mg. of tryparsamide was 
of the same order of magnitude as after 
injection of O.S mg. of phenyl arseno.xide 
(trivalent arsenical). This suggests that 
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the affinity for animal tissues is 900 times 
greater for arsenoxide than for tryparsa- 
mide. 

Lorenz'' found that between SO and 
90% of tryparsamide is excreted within 
1 day follo'wing intravenous injection. 
Young and Muehlberger®® noted that be- 
tween 88 and 95% of tryparsamide is 
excreted in the urine within 24 hours and 
much of the drug is recovered unchanged. 
In contrast, Voegtlin and Thompson®* re- 
corded that arsenoxide is tenaciously re- 
tained in the body cell. These observa- 
tions confirmed the analysis of Young and 
Hamilton®® who found that much of try- 
parsamide is excreted in the urine as such 
within 6 hours of an intravenous injection. 
Hogan and Eagle shou’ed that arsenicals 
poorly bound by tissues (as trj-parsamide) 
are rapidly excreted, whereas those com- 
pounds firmly held in the tissues (as tri- 
valent arsenicals) were excreted at a cor- 
respondingly slower rate. In the case of 
tryparsamide 40% is eliminated from the 
body within 1 hour. These observations 
make it apparent that there is little op- 
portunity for the pentavalent arsenicals 
to be utilized therapeutically. 

In spite of the obviously low trepo- 
nemicidal effect of tri^parsamide, it has 
been postulated that the drug hastens 
recovery in neurosyphilis because of a 
greater penetrability of the central ner- 
vous system. This concept is based pri- 
marily on the work of Voegtlin, Smith, 
Dyer and Thompson,®- who injected try- 
panosomes into the subarachnoid space 
of rabbits. Subsequently, various arseni- 
cals, including tryparsamide, were ad- 
ministered intravenously, and 24 hours 
later the subarachnoid fluid was examined 
for trypanosomes. It was found that 
tryparsamide had the greatest trypano- 
cidal effect, and sulfarsphenamine was 
almost as eflectivc. This was interpreted 
as cN-idence of greater permeability of 
the meninges by the pentavalent drug. 
These experiments of Voegtlin and his 
associates have been accepted as evidence 
for the superiority of tr\-parsamide over 
the trivalent arsenicals for treatment of 


neurosyphilis. The greater vulnerability 
of the trypanosomes to tryparsamide as 
a specific agent has not been taken into 
consideration, nor has any effect been 
made to differentiate between penetration 
of the meninges and penetration of the 
nervous tissue. 

Cornwall and his associates® found that 
less arsenic may be recovered from the 
spinal fluid follovdng an injection of 
tryparsamide than after arsphenamine, 
neoarsphenamine or silver arsphenamine. 
In fact, for comparable amounts, 24 times 
more arsenic was obtained from the spinal 
fluid after an injection of silver arsphena- 
mine than after tri^parsamide. Pordyce 
and Myers® observed that the brains of 
mice contained 9 times more arsenic after 
an injection of silver arsphenamine than 
after trjrparsamide, although the amount 
of silver arsphenamine, a trivalent arseni- 
cal, was only one-fifteenth the amount of 
the pentavalent material. The workers 
concluded that ''try-parsamide does not 
possess an unusual power of arsenic pene- 
tration into the central nervous system. 
Therapeutic penetration is hypothetical 
in that other factors which may enter into 
this condition are not available either 
experimentally or clinically.” Von Ken- 
nell and Kimmig®® were unable to recover 
any arsenic from the spinal fluid of pa- 
tients treated with solvarsin, a pentawilent 
arsenical similar to tryparsamide. 

From the experimental data, there is 
little satisfactory e\idence that tryparsa- 
midc possesses either greater pcnetraljility 
or affinity for the central nervous system 
than the trivalent arsenicals. IMien the 
clinical observation, that tryparsamide is 
unable to influence either the lesions or 
spirochetes in infectious syphilis, is added 
to the pharmacologic material cited, one 
would not anticipate that the drug will 
be a powerful agent for the treatment of 
neurosyphilis. 

Toxicity. Following the introduction of 
tryparsamide, relatively few constitutional 
reactions were reporter!. Xitritoid crise.> 
and gastro-intestinal complaints were vir- 
tually unknown. Kopp and Solomon,'® 
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in a review of their cases, found a definite 
increase in reactions from 1923 to 1939. 
In more recent years, 8.6 % of the patients 
experienced nitritoid crises, whereas from 
1923 to 1937 these reactions were less than 
3 %. Gastro-intestinal symptoms increas- 
ed from approximately 1 to 7.1 %. These 
workers also noted skin lesions, often of 
an urticarial nature, chills and fever 
drowsiness, tremors, emotional upset, diz- 
ziness, headaches and, more rarely, tran- 
sient peripheral nerve damage, visual and 
auditory hallucinations, convulsions and 
coma. These complications often did not 
appear until after extensive treatment. 
Traenkle and Dulce®" described liver ne- 
crosis in 2 patients after tryparsamide 
therapy. Because nitritoid crises were con- 
sidered so rare in 1938, case reports were 
made by Astrachan and Franks,^ Cormia,^ 
and Levy.’® Downs and his associates® 
found that 13.6% of their patients devel- 
oped nitritoid crises after tryparsamide, 
and a smaller group developed gastro- 
intestinal complaints. Moore’® recorded a 
definite increase in toxic manifestations 
and suggested the possibility that impuri- 
ties in recent manufacture might be 
responsible. 

Optic nerve damage was observed by 
the first clinicians to use tryparsamide 
therapeutically. Pearce®® treated 77 pa- 
tients for trypanosomiasis and found 17 
instances of visual complaint. Ten recov- 
ered completely, but in 7 permanent nerve 
destruction occurred. Lorenz and his as- 
sociates’® found that 40 % of their patients 
developed evidence of toxic amblyopia as 
a dosage of 5 gm. of tryparsamide weekly. 
Woods and Moore®’ followed 241 patients 
treated once weekly with 3 gm. of the drug, 
and observed that 94% of reactions oc- 
curred between the first and tenth intra- 
vetious injection. Of the entire group, 
of patients, 5.5% developed objective 
evidence of damage to the optic nerve, 
and an additional 10% complained of 
visual disturbances. Patients with tabes 
dorsalis and general paresis were especially 
prone to develop restricted \‘isual fields. 
I hi>5 was observed in 23% of the patients 


with these serious manifestations of syph- 
ilis, whereas in patients -ndtliout exddence 
of neurosyphilis, damage Avas detected in 
6 . 2 %. 

Sloan and Woods®’ studied this problem 
and found 5,3% of 2087 patients experi- 
enced subjective symptoms after tryparsa- 
mide treatment. These complaints were 
“dazzling, shimmering or a glare as pro- 
duced by bright light on snow,” These 
symptoms usually began after several 
injections of tlie drug, but occasionally 
began after the first few treatments. The 
subjective complaints were often transient, 
lasting from a few hours to a few Aveeks. 
Of the group of 2087 patients, 71 (3.4%) 
subsequently showed objective evidence 
of permanent optic nerve damage consist- 
ing of constriction of the Ausual fields. 
PoAA'ell and Smith®’ studied 16 patients 
for detailed changes folloAving tryparsa- 
mide therapy. Visual fields w^ere done 
prior to each injection, and it A\'as found 
that 11 of the 16 patients developed defi- 
nite constrictions of the peripheral fields 
betAA’-een the third and eleventh treatment. 
None of the patients had any eAudence of 
optic nerA’-e damage prior to the institution 
of therapy. 

Kopp and Solomon’® noted that the 
type of syphilitic lesions may bear some 
relationship to susceptibility to Au'sual 
disturbance. In their series, 24% of the 
paretic group and 43 % of the tabetic group 
dcA^eloped eye complications, but none of 
the patients Asuth meningovascular syphilis 
Avere handicapped. 

Therapeutic Efficacy of Tryparsamide. 
The first report on the use of trjq)arsamide 
AA’as made by Lorenz and his associates’® 
in 1923. They found that 7 of 12 cases 
of early paresis and 21 of 42 cases Avith 
advanced paresis improved greatly and 
Avere able to return to AA'ork. HoweA-er, 
some of the cases relapsed, and it Avas 
found that recoA'ery Avas not permanent 
unless mercury was added as a therapeutic 
agent. This is botli the first and the 
most enthusiastic report in the literature. 
The following year, IVLoore, Robinson and 
Keidel®® described their results in 27 cases 
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of paresis, in 6 patients with tabes, and in 
8 patients with asymptomatic neurosyph- 
ilis. This series differs appreciably in 2 
important respects from that reported by 
Lorenz. Only 2 of the 40 cases, including 
the paretics, were sufficiently ill to require 
hospitalization. Also, the authors write 
that "secondly, 32 of the 40 cases had 
already been subjected to prolonged and 
intensive antisyphilitic treatment, some- 
times with intraspinal therapy, though 
symptoms and physical signs had often 
already disappeared before trjq)arsamide 
was begun.” However, the authors go on 
to say, “In spite of these differences in 
material and procedure, our results are in 
essential agreement with those of Lorenz 
and his co-workers.” Four patients in 
the series udth negative serologic tests for 
syphilis developed positive reactions while 
undergoing tryparsamide therapy. 

In 1924, Moore and his assoeiates-^ again 
reported favorably on the efficacy of try- 
parsamide, considering it of particular 
value in general paresis, meningovascular 
syphilis and the majority of cases udth 
tabes dorsalis. Solomon and Viets-^ re- 
ported that tryparsamide was approxi- 
mately as valuable as trivalent arsenicals 
in treatment of meningovascular syphilis, 
of little benefit in tabes dorsalis, and 
lielped a small number of cases with 
general paresis. 

"VMien Lorenz re\’iewed his earlier work 
in 1928, he found that the therapeutic 
results were satisfactory after 5 years in 
87 % of the ’cases of neurosj-philis, when 
mercury had been added to the tr^\'parsa- 
mide therapy. No reference is made to 
symptomatic and asjTnptomatic cases. 
Reese, “ in 1933, re\'iewed the earlier 
work done by I.orenz and his associates. 
He reported that trj-parsamide ‘ must be 
used over a period of years to be effective. 
Reese added, “At the onset we used try- 
parsamide without any antisj'philitic med- 
ication, but the noted beneficial effect on 
the clinical and serologic picture remained 
stationary-, especially with regard to the 
clinical improvement. The addition of 
mercury resulted in more permanent im- 


provement of the serologic findings, as 
well as a more rapid prolonged clinical 
benefit.” The Wisconsin group claimed 
clinical arrest or remission in 54% of 
general paresis and 78% of the meningo- 
vascular syphilis. Patients with tabes 
dorsalis with lancinating pains, urinary 
disturbances and impotency were often 
relieved. Ebaugh and Dixon'^ reported 
that among 52 paretics marked improve- 
ment was obtained in 15 cases. Wile and 
Wieder’® reported on a group of patients 
treated with trjq)arsamide. They found 
improvement in cells and protein of the 
cerebrospinal fluid, but little change in 
the colloidal gold or Wassermann reaction. 
They noted clinical improvement in but 
7 of 32 paretics, 2 of 7 tabetics, and 2 of 
12 taboparetics. From these data they 
assumed that tryparsamide could be ex- 
pected to be of value in one-third of the 
patients udth neurosyphilis. 

Solomon and Epstein^* reported on 81 
patients udth general paresis and found 
that they could arrest the deterioration 
in 42%, and that in the remaining 58% 
the process was uninfluenced. The spinal 
fluid became normal in 26.7% betu-een 1 
and 9 years after tryparsamide therapy 
was begun. Seventeen patients who failed 
to respond to tryparsamide obtained strik- 
ing benefits from malaria. The authors 
concluded that “the clinical results of 
treatment with tryparsamide do not differ 
greatly from those obtained by malarial 
therapy.” Because general paresis is in- 
variably a fatal’ disease, these reports 
cannot be discounted. 

Hinrichseffi’’ reviewed the results of 
many vTiters and learned that, although 
as high as 50% remissions were reported 
with early paresis, only 22.5 % of advanced 
cases improved. Since the results in the 
advanced cases varied from zero to 80%, 
these figures must necessarily be Wewed 
with skepticism. 

Lecs’^ described excellent results in tabes 
dorsalis in 200 patients who received 2 
years of combined tryparsamide and bis- 
muth therapy. He noted reduction in 
sensory disturbances in 78%, diminution 
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of ataxia in 65 %, and alleviation of blad- 
der difficulties and gastric crises in an 
undisclosed number. Dattner^ finds his 
own experiences at great variance from 
those of Lees, and believes tryparsamide 
of little value in eliminating tabetic symp- 
toms. In the review by Hinrichsen, vari- 
ous authors claim improvement in 20 to 
75% of patients with symptoms of tabes 
dorsalis. 

Clinical Study. There are registered in 
the Syphilis Clinic of the New York Hospi- 
tal 736 patients with asymptomatic neuro- 
syphilis and 355 patients with tabes dorsa- 
lis. All of these cases have been reviewed 
in an effort to evaluate the toxicity and 
therapeutic efficacy of tryparsamide. 

Toxicity. Study of the group with 
asymptomatic neurosyphilis revealed that 
206 patients were followed an average 
period of 6.1 years, and at least 2 speci- 
mens of cerebrospinal fluid were obtained 

I or more years apart. Of this group of 
206 asymptomatic patients, 139 received 
tryparsamide at some time during their 
course of antisyphilitic treatment Sixty 
patients (43%) developed toxic reaction 
of such a degree that tryparsamide injec- 
tions had to be discontinued. There were 
15 instances of minor reactions, including 

II cases of nitritoid crisis and 4 patients 
who experienced gastro-intestinal upsets, 
characterized by nausea and vomiting. 

It has been customary' in this clinic to 
obtain an ophthalmologic consultation 
prior to the initiation of tryparsamide 
therapy. This examination routinely' in- 
cludes examination of the optic nerve, 
tictermination of corrected visual acuity 
and plotting of peripheral fields. If a 
patient complained of subjective e^'idence 
of to.xicity, as photophobia, glaring or 
“fuzzy” vision, treatment was interrupted 
until the patient could be reevaluated by 
the ophthalmologist. Patients who were 
reported as showing pallor of the disk or 
decrease in visual fields or optic nerve 
damage due to any cause as severe glau- 
coma or retrobulbar neuritis were not 
permitted to have tryparsamide again. 
In spite of these detailed precautions. 


45 patients of the 139 who received tr\'- 
parsamide (32%) developed subjective 
evidence of optic nerve sensitivity to the 
pentavalent drug, and subsequent studies 
showed tliat in 17 instances there was 
definite and permanent visual damage. 
These 17 patients with permanent visual 
damage represent 12 % of all patients 
with asymptomatic neurosyphilis who re- 
ceive one or more injections of tryparsa- 
mide. 

Of the 355 patients with tabes dorsalis, 
202 w'ere suitable for study. Tins group 
was followed for an average of 5.8 years, 
and, of tliese, 126 received tryparsamide 
at some period during their course of anti- 
syphilitic treatment. There were 22 in- 
stances of minor reactions, including 10 
examples of nitritoid crises, 5 patients 
who had gastro-intestinal upsets, and 4 
patients with dermatitis, plus 3 who ex- 
perienced other minor disturbances; 47% 
of the tabetic group (59 of 126) who re- 
ceived tryparsamide developed subjective 
symptoms of injury to the optic nerve. 
Subsequent evaluation of these 59 patients 
revealed tliat 27 progressed to objective 
e^^dence of optic atrophy with some pal- 
lor of the disks and reduction in the peri- 
pheral visual fields; 27 patients recovered 
entirely, but the fate of 5 cannot be deter- 
mined because of their failure to return to 
the clinic. It is apparent, then, that of 
the 126 tabetics wdio were exposed to 
tryparsamide therapy, at least 21% (27 
of 126 patients) developed impaired vision. 
The toxicik^’• of tryparsamide in patients 
with asymptomatic neurosyphilis and in 
tabes dorsalis is summarized in Table 1. 
No effort was made to evaluate the 
damage done in general paresis, because 
often these patients, in the presence of 
the psychosis, are unable to protest minor 
\dsua] clianges before excessive harm has 
been done. 

Inefficacy of Tryparsamide. In the pres- 
ent study, only patients with asympto- 
matic neurosyphilis and tabes dorsalis are 
con.sidered. Evaluation of patients vdtli 
meningovascular syphilis is difficult be- 
cause the group is heterogeneous and 
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patients often improve spontaneously. 
Almost every patient with general paresis 
in the New York Hospital Clinic received 
either malaria or penicillin therapy, and 
consequently this group is not studied. 

In spite of the frequency of overlapping 
treatment schedules which include tri- 
valent arsenicals as well as bismuth in the 
present series of patients reported, it ap- 
pears that the addition of tryparsamide 
did not improve the patient’s opportunity 
for a successful outcome. This is demon- 
strated by the fact that the failure rate is 
not increased in those patients who did 
not receive tryparsamide. Furthermore, 
those patients who received either malaria 
or penicillin did appreciably better than 
those who received arsenotherapy. 


jections of the drug. There was definite 
improvement in the cerebrospinal fluid of 
62 of these patients, and of these all but 
5 patients, or 57, had received in addition 
75 injections of trivalent arsenicals and 
bismuth, and several had a course of 
malaria therapy. There were 38 patients 
(38 %) who failed to improve. 

There were 122 patients who received 
no tryparsamide but had a minimum of 
75 injections of trivalent arsenicals, in- 
cluding old arsphenamine, neoarsphena- 
mine and arsenoxide, plus bismuth; 86 
patients (70%) improved. A total of 
36 patients (30 %) failed to exhibit satis- 
factory cerebrospinal fluid changes. In 
essence, these patients received the same 
trivalent arsenotherapy and bismuth as 


Type of 
neuros>T)liilis 

Asymptomatic 
Tabes dorsalis 


Table 1. — Toxicity of Trytarsamide 


Visual reactions 

Patients Minor . ' 

treated reactions* Transient Permanent 


139 15 (11%) 2S (20%) 17 (12%) 

126 22 (17%) 32 (25%) 27 (21%) 


Total 

reactions 


60 (43%) 
81 (64%) 


* Includes nitritoid crises, gastro-intestinal and cutaneous reactions. 


AsniPTOMATic Neurosyphilis. In the 
evaluating of any therapeutic agent in the 
treatment of asymptomatic neurosyphilis, 
2 factors must be considered: (1) the 
ability of the treatment to induce changes 
of the various cerebrospinal fluid compo- 
nents toward normal; and (2) mainte- 
nance of the asymptomatic state, that is, 
prevention of clinical e\ndence of sympto- 
matic neurosiTihilis. 

Laboratory Eraluation. Because of the 
frequency of overlapping treatment sched- 
ules, each chart was evaluated as follows: 

(n) Was cerebrospinal fluid improved 
on 25 or more injections of tryparsamide. 

(5) Did cerebrospinal fluid fail to im- 
prove on 25 or more injections of tryparsa- 
mide. 

(c) Of those who improved on the try- 
parsamide therapy, how many received 
an additional course of at least 75 injec- 
tions of trivalent arsenical and bismuth. 

Of the 139 patients in the asymptomatic 
neurosj-philis group who received tryparsa- 
mide, 100 patients received at least 25 in- 


the group wlio received tryparsamide. It 
may be seen that the addition of trjqiarsa- 
mide did not alter the final outcome appre- 
ciably, since there was improvement in 
62% of those who received tryparsamide, 
in contrast to the 70 % who did not receive 
it. This indicates that those patients who 
received the pentavalent drug and risked 
the toxicity associated with it, did not 
have any greater chance of successful 
outcome. 

Twenty-six patients with asymptomatic 
neurosyphilis underwent a course of ma- 
laria therapy with subsequent improve- 
ment in the cerebrospinal fluid of 21, a 
failure rate of 19%. In the malaria treat- 
ed series, evaluation was done prior to the 
initiation of chemotherapy. 

In a recent study undertaken at this 
hospital,'^ 34 patients with asymptomatic 
ncurosN'philis were treated with sodium 
penicillin. Most of these patients re- 
ceived 4 million units of the drug during 
a 2 weeks period. Many had failed to 
respond to previous antisyphilitie therapy. 
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It was found that, of the 34 patients, all 
but 5 had responded satisfactorily; 1 year 
after instituting penicillin therapy, the 
cells, protein, and colloidal gold curve were 
normal, and the titer of the Wassermann 
reaction had dropped appreciably. The 
failure rate is 15%, This should be com- 
pared to the failure rate of 19% after 
malaria therapy, of 30% following tri- 
valent arsenobismuth therapy, and of 36 % 
in patients who received tryparsamide in 
addition to the trivalent arsenotherapy. 
Although it is impossible to determine 
the exact worth of trj^parsamide from 
these data, it is readily apparent that the 
addition of the pentavalent drug did not 
help the patients who received it. 

Clinical Evahiation. Determination of 
the therapeutic value of any agent used 
in asymptomatic neurosyphilis is essen- 
tially an evaluation of its ability to induce 
changes in the cerebrospinal fluid, except 
for subsequent studies to determine how 
many patients developed symptomatic 
neurosyphilis. Very few patients of those 
followed developed clinical evidence of 
neurosyphilis. One reason for tins may 
be that almost all patients with a strongly 
positive cerebrospinal fluid (elevation of 
the cell count, total protein and colloidal 
gold curve) were given either malaria or 
penicillin. This \agorous attack on those 
patients who were the more like candi- 
dates for clinical neurosyphilis precludes 
any analysis of the comparative value of 
the antisyphilitie agents used. For the 
most part, patients who received try- 
parsamide and trivalent arsenicals had 
relatively inactive cerebrospinal fluids 
with essentially normal cells, protein and 
gold curve. 

Tabes Dorsalis. Lahoraiory Evalua- 
tion. Of 81 patients with tabes dorsalis 
treated with 25 or more injections of 
tryparsamide, there was no improvement 
in the cerebrospinal fluids of 34 (42%). 
There were 109 tabetic patients who re- 
ceived at least 75 injections of trivalent 
areenical and bismuth without tryparsa- 
Juide. Of this group, 42 did not improve 
(oS%). The same statement may be 


made about those patients noth tabes 
dorsalis that was made about the group 
with asymptomatic neurosyphilis; namely, 
that the group who had tryparsamide 
received approximately the same amount 
of trivalent arsenobismuth therapy as the 
group who did not receive tryparsamide. 
Again, the number of failures is approxi- 
mately the same (42 % with tryparsamide 
and 38 % ndthout tryparsamide). It may 
be concluded that tryparsamide had no 
more influence in the cerebrospinal fluid 
in patients with tabes dorsalis than it did 
in patients with asymptomatic neuro- 
syphilis. 

A total of 50 patients were given a 
course of malaria with no subsequent im- 
provement in the cerebrospinal fluid of 
14 (28 %). In the penicillin treated group 
of tabetics, there were 22 patients who 
received 4 million units and were followed 
at least 12 months. All but 3 cases ob- 
tained a satisfactory cerebrospinal fluid 
response, a failure rate of 14%. 

Clinical Evaluation. The ability of 
tryparsamide and of other antisyphilitic 
agents to influence the complaints of tabes 
dorsalis is considered. These symptoms 
include shooting pains, ataxia, urinary 
incontinence, diplopia, gastric crises and 
sexual impotency. Trophic changes, such 
as Charcot joints and skin ulcers, are not 
included. Detailed evaluation will ap- 
pear in a subsequent publication. At 
present, these symptoms are grouped ac- 
cording to the therapy administered. 
There were a total of 84 symptoms among 
the 81 patients who received 25 or more 
injections of tryparsamide. There was 
no alle\nation of 54 s.>Tnptoms (64%), 
I^Tien the group of patients who received 
only 75 injections of combined arseno- 
bismuth therapy and no tryparsamide 
therapy was investigated, it was found 
that 67 of 135 sjunptoms (50%) were 
undiminished. A smaller group of pa- 
tients who received malaria complained 
of 51 symptoms; IS complaints were un- 
altered (35 %). In the group who received 
4 or more million units of penicillin, there 
were 65 complaints, vith no improvement 
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in 23 (33 %). The ability of tryparsainide 
to relie^'e symptoms in tabes dorsalis is 
no greater and probably is less than that 
of other forms of antisyphilitic therapy. 
Manj' patients who were given malaria 
and penicillin with satisfactory results 
had previously failed to be helped by 
either trivalent or pentavalent arseno- 
therapy. It is not possible to prove from 
this material that tryparsamide is a drug 
of little or no value. However, it is evi- 
dent from this study that the addition of 
tryparsamide did not enhance the patient’s 
opportunity for a successful outcome in 
terms of improvement in cerebrospinal 
fluid and/or relief of symptoms. 

Discussion. Consideration of pharma- 
cologic studies suggests that little value 
can be expected from tryparsamide as a 
therapeutic agent in the treatment of 
syphilis. The drug possesses very little 
spirochetocidal activity when compared 
to the trivalent arsenicals. Experimental 
data of Hogan and Eagle indicate that 
the arsenicals are only therapeutically 
effective in proportion to their ability to 
lie bound by the parasite, and this activity 
depends on combination with essential 
sulfhydryl groups in the pathogenic organ- 
ism. Since pentavalent arsenicals (as try- 
parsamide) are unable to unite witli these 
physiologicalli' acti\-e sulfhydryl group’! 
until reduced to the trivalent forms (ns 
arscno.xide), the rationale for the use of 
tryp.arsamide is open to question. Because 
more than half of the drug administered 
is excreted essentially unchanged in the 
urine within G hours, and between SO and 
00 % wthin 24, there is little time for this 
reduction of the pentavalent form to the 
therapeutically active trivalent form. In 
eontra.st to the rapid rate that the penta- 
valent drugs fliffusc thromrh the kidney, 
the arsenoxidc drugs (mapharsen. clora- 
sen, phenarsen') arc retained by the pa- 
tient. The optimum rate of cNcretion. 
according to Voegtlin and Thompson"’ 
insures sufficient time for combination of 
drug and parasite, but not sufficient time 
to injure the tissues of the host. More- 
over, no satisfacton.- cHdcnce has been 


advanced to justify the assumption that 
tri'parsamide possesses greater penetra- 
bility or affinity for the central nervous 
system than the arsenicals of lower 
i-alenc3'. 

Except for its tendency to produce toxic 
amblyopia, tryparsamide is the least toxic 
of the arsenicals used in the treatment of 
syphilis. This finding is in keeping with 
the fundamental mechanism of the mode 
of action of chemotherapeutic agents as 
outlined by Ehrlich.® He postulated that 
these agents are effective only if bound 
by the parasite, and the toxic activity is 
due to combination of the chemical agent 
to the tissues of the host. The number of 
cases of cutaneous, gastro-intestinal and 
nitritoid reactions caused by tryparsamide 
are small when compared to the minor 
and major reactions caused by the tri- 
valent arsenicals. This absence of sys- 
temic toxicity suggests failure of tryparsa- 
mide to combine with the tissues of the 
host just' as absence of therapeutic effi- 
cacy suggests failure of the pentavalent 
drug to combine with the parasite. In 
general, arsenicals are therapeutically ac- 
tive only to the rlegree that they are 
bound to the sulfliydryl group of the 
pamsite and the host, and the differences 
in toxicity of these compounds is due to 
their varying affinity for tissues. Recently 
Hogan and Eagle*’ confirmed the postu- 
lation of Ehrlich by experimental studies. 
It is eviflcnt that what is considered 
therapeutically iiencficiai activity for the 
host represent.^ toxic activity toward the 
parasite. This explains why l)oth the 
toxicity of tlie pentavalent drugs (except 
of visual damage) and the therapeiitic 
effects are of a low order. 

In spite of the low toxicity of tryparsa- 
mide in terms of minor reactions, its 
tendency to iruluee damage to the optic 
iierx’cs is ure.it. In the series reported in 
this paper, 4.">9c of all tabetics who re- 
ceixcfl any tryp.irsarnirle experienced sub- 
jectixe and transient symptoms of optic 
nerve damage. In spite of .apparently 
adeqtiate precautionary rnca.sures, 209c, of 
the tabetics prngre-sf'fl to permanent dam- 
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age characterized by disk pallor and 
restriction of visual fields. In all likeli- 
hood, this toxic manifestation of tryparsa- 
mide is not similar to the minor reactions, 
but represents a unique vulnerability of 
the optic nerve to the drug. The greater 
incidence of tryparsamide amblyopia in 
tabetics may be associated with subclini- 
cal damage to the optic pathways caused 
by syphilis. 

It is difficult to evaluate the satisfactory 
results previously ascribed to tryparsa- 
mide. There are several factors which 
may be significant. Pre^dous workers 
have found that good effects are obtained 
only by prolonged use of the drug, usually 
in conjunction with mercury and more 
recently with bismuth. It is likely that 
these benefits are dependent in part on 
the concurrent use of the heavy metal, 
in part on the activity of the trivalent 
arsenical which results from reduction of 
the pentavalent drug, and in part on the 
spontaneous changes that occur in cere- 
brospinal fluid with the passage of time. 
Another factor that handicaps interpreta- 
tion in retrospect is the fact that> not 
uncommonly, patients were previously 
treated with agents of proved value such 
as trivalent arsenicals and malaria, but 
the good results were presumed due in 
whole or in part to tryparsamide. 

Because the patients treated at the New 
York Hospital Clinic were so frequently 
given either concurrent or overlapping 
therapy, it is impossible from this study 
to prove that tryparsamide is an ineffec- 


tive drug, but it is possible to show that 
it is not superior to the other antisyphilitic 
agents to which it is compared. It is 
possible to prove the effectiveness of both 
malaria and penicillin. Justification for 
the use of an agent such as tryparsamide 
which not infrequently causes partial or 
complete blindness would exist if no satis- 
factory alternative therapy were available 
and if proof of its therapeutic efficacy were 
irrefutable. 

Summary and Conclusion. 1. Because 
pharmacologic studies show that penta- 
valent arsenicals, including tryparsamide, 
are not therapeutically effective until 
reduced to the trivalent form and do not 
possess greater penetrability or affinity 
for the central nervous system than the 
trivalent drugs, one cannot expect that 
tryparsamide will be an effective chemo- 
therapeutic agent for the treatment of 
syphilis. 

2. Tryparsamide often causes perma- 
nent visual damage in spite of detailed 
precautionary measures. This is especially 
true in patients with tabes dorsalis. 

3. Considerable variation in the thera- 
peutic results attributable to tryparsa- 
mide is evident throughout many reports. 
Patients with neurosyphilis treated in this 
clinic failed to substantiate the reported 
therapeutic efficacy of the drug. 

4. There are alternative methods for 
treating all forms of neurosyphilis in 
which tryparsamide is said to be of value, 
and none of these regimens is as dangerous 
as one employing tryparsamide. 
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Radiophosphorus. Radiophosphorus 
was the first radioactive isotope to be 
employed in the treatment of disease. 
Lawrence and his associates, as early as 
1936, studied the possibilities of employ- 
ment of this substance therapeutically in 
leukemia and allied diseases. Since then, 
the use of radiophosphorus as a therapeu- 
tic agent has been studied in a variety of 
conditions. Although the total number 
of patients treated with radiophos- 
phorus is not large, sufficient time has 
elapsed to permit certain tentative con- 
clusions to be dravm concerning the value 
and the limitations of this form of therapy. 

Radiophosphorus (P^-) is prepared in 
the cyclotron by the bombardment, at 
high velocity, of ordinary red phosphorus 
(p3i) ^vith deuterons (nuclei of heavy 
hydrogen). Neutrons are forced into the 
nuclei of some of the atoms, increasing 
the mass of such atoms by 1 (17 neutrons 
and 15 protons). Thus, the atomic weight 
of the new substance becomes 32. How- 
ever, the number of protons and electrons 
in the atom is not changed, and since the 
chemical reactions of an atom are de- 
pemlent on the number of electrons the 
atom contains, radiophosphorus behaves 
chemically in tlic same manner as does 
ordinary phosphorus. Consequently, when 
it is introdueed into the living organism, 
nnliophosphorus enters into all phases of 
phosphorus metabolism. 


Radiophosphorus is unstable; it disinte- 
grates at a constant rate through the emis- 
sion of a beta ray. Tlie emission of the 
beta ray occurs at the moment a neutron 
in the nucleus is changed to a proton. 
Although the mass of the new atom is not 
changed, the nucleus now contains 16 
protons and 16 neutrons. Since the num- 
ber of electrons equals the number of 
protons in an atom, a new substance 
chemically different from radiophosphorus 
is created. In this case, it is stable sulfur 
(S®'). Radiophosphorus does not emit 
alpha and gamma rays. 

The rapidity of decay of any radioactive 
substance is expressed by the time required 
for half of an initial stock of atoms to dis- 
integrate. This is called the '' half-life” 
of the isotope. In the case of radiophos- 
phorus, 35 of every 1,000,000 atoms under- 
go spontaneous transformation to stable 
sulfur each minute, giving radiophos- 
phorus a half-life of 14.3 days. 

The radioactivity of an isotope is meas- 
ured in terms of millicuries. One inilli- 
curie (me.) is that amount of radioactivity 
produced by disintegration of 37,000,000 
atoms per second. One microcurie (/ic.) 
is TtrffiT of 1 me. 

Radiophosphorus can be administered 
to patients, orally or intravcnou.sly. in the 
form of a phosphate. Usually, it L given 
in the form of monobasic or dibasic sodium 
phosphate. When the oral route is em- 
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ployed, from 15 to 50% of the amount 
administered is excreted in the urine and 
feces during the first 6 da}, s ^ iSIost of 
this loss is caused by lack of absorption 
of the phosphate in the gastro-intestinal 
tract. As a general rule, it is safe to 
assume that 25 % of the amount of radio- 
phosphorus administered orally ■will be 
lost in the stool, and that 75% will be 
absorbed. 

When radiophosphorus is administered 
intravenously to normal persons, from 25 
to 50 % of the quantity injected is excreted 
during the first 6 days. In leukemic and 
polycythemic patients, the excretion of the 
isotope is less than that which occurs in 
normal persons, varying from 5 to 25% 
of the amount injected over a similar 
period.*®-® Thereafter, the rate of excre- 
tion in all persons falls to 1 % or less per 
day. When the intravenous route of 
administration is emplojed, most of the 
loss occurs in the urine. 

After administration, radiophosphorus 
is rapidly and selectively ■\s'ithdrai\'n from 
the blood by certain tissues and cells. 
.Vccording to Reinhard and his associates,®® 
the selective uptake of phosphorus iiy cells 
is dependent principally on 3 factors; (1) 
the total amount of phosphorus in ex- 
changeable form in the tissue, (2) the rate 
of tunio\er of phosphorus b.\ the tissues 
and (3) the rate at nhieh now tissue is 
formed. 

As stated pre\ ioiisly, in normal animals 
radiophosphoru^ is deposited in large 
amounts in bone and bone marrow, anti 
in somewhat smaller quantities in the 
liter, spleen and lymph nodes In the 
]>re'cncc of j)athologic conditions, the 
uptake of r.ifliophosphoms has been found 
to be much higher in rapidly inetaboliying 
neophustic tissues than it is in the same 
t\ pc of tissue in a normal state of growth. 

In leukemia and in polyetthemia, the 
isotoi>e is taken up r.ipidly bt both circu- 
lating erythroct tfs. and leukocytes during 
the fir-t 24 hour- after the administra- 
tion The concentration in the eryth- 

roct-tes then decreases sharply, while the 
concentration in the leukocv-tcs decreases 


more slowly and the radiophosphorus is 
retained for much longer periods and in 
greater quantities than in the erythrocytes 
In certain diseases of the hematopoietic 
system, the distribution of radiophos- 
phorus in various organs and tissues after 
it has been administered has received con- 
siderable attention ®® The studies 

of Reinhard and his associates®® were espe- 
cially illuminating in this regard. In 
chronic myelogenous leukemia, greater ac- 
tivity was found in the bone marrow- than 
in any other organ, w-hereas in chronic 
lymphatic leukemia, the liver, spleen and 
lymph nodes in most instances contained 
a higher concentration of radiophosphorus 
than did the bone marrow. In acute 
leukemia or leukosarcoma, xmriable results 
were obser\ ed, but in general the liver and 
spleen accumulated more of the material 
than did the bone marrow. In most cases, 
however, the concentration of radiophos- 
phonis was found to be lower in lymph 
nodes than in bone marrow, liver, spleen 
or kidney. In lymphosarcoma and ac- 
ti\ely progressing Hodgkin’s disease. Erf 
and Lawrence® found as great a retention 
of radiophosphorus in lymph nodes as in 
the liver and kidney. However, in 1 case 
of Hodgkin’s disease in which the lymph 
nodes had become densely fibrotic, the 
uptake of radiophosphorus was lower than 
that in the other tissues assayed. 

Data concerning the differential uptake 
of ratliophosphonis in various organs in 
the presence of other diseases also ha\e 
been accumulated. These fliseases include 
melanoma and mclanosarcoma, seminoma, 
ncurobliistoma, Ewing’s sarcoma, fibro- 
sarcoma, reticulum-cell sarcoma, imdtiple 
iineloma and mcta-static carcinoma. In 
general, the distribution of the siibstance 
among iliffcrent organs and tissues of the 
body depends on the type of neoplastic 
di-case pre-ent, the degree of Infiltration 
of an org.in by abnormal cells and the rate 
of growth of these cells. Tissues which 
have a high eoneontration and a rapid 
turnover of stable phosphonis also take 
up higher concentrations of radiophos- 
phorus than do normal tissues. 
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The depth of penetration of the beta 
rays emitted by radiophosphorus varies in 
tiifferent tissues, having a maximal range 
of penetration of approximately 7 mm.^® 
The rays have the capacity to produce 
ionization in tissues, and therefore the 
radiation effects are basically similar to 
those of Roentgen rays and radium. 

Because radiophosphorus is deposited 
predominantly in bone and bone marrow, 
the effect of the radiation produced by 
this agent is greater on the bone marrow 
than on other hematopoietic organs. Con- 
sequently, this form of therapy has been 
applied to diseases in which the bone 
marrow is involved primarily by a patho- 
logic process, or to diseases in which the 
marrow is extensively involved, even 
though the primary site of the disease is 
in other organs. Since diseases of the 
blood fall into these 2 categories, the 
greatest therapeutic trial of radiophos- 
jjhorus has been in the field of hematology. 
To date, radiophosphorus has seemed to 
be the treatment of choice in polycythemia 
vera. 

Polycythemia Vera. Method of Trcai- 
vinit and Dosage. For intravenous admin- 
istration, a single injection of 3 to 7 me. 
of radiophosphorus is given, the size of the 
(lose depending on body weight, the age 
of the patient, and the severity of the 
disease. Approximately 25% of patients 
treated with radiophosphorus obtain satis- 
factory remission from a single injection.^' 
In patients in whom remission is not in- 
duced by the first injection, subsequent 
doses of 3 to 7 me. may be injected at 
intervals of 8 to 12 weeks. The adminis- 
tration of radiophosphorus at intervals 
shorter tiian S weeks is inadvisable. Inas- 
much as the life span of the erythrocyte 
of human beings has been shown to be 3 
to 4 months, and since aged erythrocj'tes 
are removed slowly from the circulation, 
the degree of inhibitory action of the iso- 
tope on erythropoiesis cannot be a.ssessed 
with roasonalde accuracy in periods less 
than S weeks. Second or third injections 
of radiophosphorns can he carried out 
safely, pronded that the erythrocyte count 


has not fallen below 6,000,000 cells per 
c.mm. or the cell volume percentage below 
55, and provided that marked suppression 
of the leukocyte or platelet levels has not 
occurred after the initial injection. If the 
erythrocyte count is less than 6,000,000 
or the cell volume percentage is less than 
55, further treatment with radiophos- 
phorus should be withheld until a relapse 
occurs. If additional treatment with the 
isotope is indicated by the fact that the 
erythrocyte count remains above 6,000,000 
or the cell volume % remains above 55, 
and if a marked decrease in the number 
of leukocytes or platelets occurred after 
the first injection, then smaller doses than 
were employed in the first instance should 
be given. 

Because a decrease in erythrocyte, 
hemoglobin and hematocrit values does 
not occur, as a rule, within less than 6 to 
8 weeks after the initial injection of the 
isotope, and since patients who have un- 
controlled polycythemia vera run an in- 
creased risk of thrombosis, some obser\'- 
grsiT .18 recommend that venesection be 
performed repeatedly prior to the initial 
injection of radiophosphorus. 

Resvlis. Since Lawrence®'* first re- 
ported the successful treatment of 2 pa- 
tients who had polycythemia vera with 
radiophosphorus, the results of treatment 
in 273 cases have been reported.^’®’*^'^' *®- 
24.26.35 Detailed follow-up data have been 
published by Reinhard and associates®® 
and by ourselves*® in 84 cases. Satisfac- 
tory hematologic remission was obtained 
in approximate! j'- 85% of the 84 cases; 
partial remission was induced in the re- 
maining 15%. A decrease in values for 
leukocytes and platelets preceding or ac- 
companying the decrease in erythrocytes 
also occurred in the majority of cases. 
Subjective improvement occurred in cases 
in which a substantial decrease in values . 
for erythrocytes and a reduction in blood 
volume were noted. In many cases, the 
degree of symptomatic relief was pro- 
nounced, resulting in restoration of a 
sense of normal well-being. Except in 
occasional cases of long-standing disease 
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in which the spleen had become enor- 
mously enlarged, firm and presumably 
fibrotic, treatment resulted in reduction 
in the size of this organ, often to the point 
at which it no longer could be palpated. 
Generally, when hepatomegalj' was pres- 
ent, some reduction in the size of the liver 
occurred. Other objective signs, such as 
ruddy cyanosis, conjunctival injection and 
distention of retinal venules also either 
abated or disappeared. 

Sufficient time after the institution of 
radiophosphorus therapy in polycythemia 
vera has not elapsed to permit a definite 
analysis of the duration of the remission 
induced with this form of treatment. 
Howex'er, Reinhard and associates,-^ ErP 
and ourselves'' reported comparable re- 
sidts with remission which endured 5 
months to 4^ years. Among the 84 pa- 
tients treated by Reinhard and by our- 
sch’es, 62 obtained remission which lasted 
more than 6 months, 25 obtained remis- 
sion which lasted more than 1 year, and 
10 obtained remission which lasted more 
than 2 years. However, the disease of 
many of these patients was still in remis- 
sion at the time the reports were published, 
so that further oI)servation over a pro- 
longed period will be necessary to deter- 
mine how long remission will last. When 
polycythemia vera recurs, remission can 
be induced a second time by the adminis- 
tration of more radiophosphorus.^-*'--’ 

Whether or not radiophosphorus ther- 
apy significantly prolongs the lives of 
paticnt-s who have polycythemia vera has 
not been determined. Detailed data on 
the duration of life in a large scries of 
patients, either untreated or treated by 
mcauN of venesection, the administration 
of ])henylhydrazine or Roentgen radiation, 
are not available. However, in 3G of 1G3 
eases of polycythemia vera in which fol- 
low-up ilata (Miuld be obtained, Tinney, 
Gillin and 1 of ^l■^ (Hall)^'’ reported on 
.'12 wlio Iive<l more than .5 ye.-irs after the 
diairno'i-. hail Ikh-ii e>tab!ishc<!, 2S who 
fined more than 10 years. 8 more than 
1.5 years, and 4 more than 20 years. Two 
pati-mt' living 5 years after the «lia'.:no'is 


had been made had not been treated; all 
others had received treatment of some 
kind, although in many instances treat- 
ment had been inadequate or had been 
discontinued voluntarilv bv the patient. 
The course of the disease, therefore, is 
chronic and often of long duration. Death 
most commonly results from vascular 
complications (coronary or cerebral throm- 
bosis or pulmonary embolism), hemor- 
rhage, intercurrent infection, or a terminal 
“leukemic” blood picture associated with 
anemia. ErP recently published data on 
the causes of death among 214 patients 
who had polycythemia and who had been 
treated with radiophosphorus at various 
institutions in this country. Thirteen 
deaths were recorded, 5 in which the ter- 
minal blood picture was indistinguishable 
from that of myelogenous leukemia; 3 in 
which there were malignant tumors; 3 in 
which there was intercurrent infection; 
1 in which there was hypoplastic anemia 
and 1 in which there was gastric hemor- 
rhage. The absence of venous thrombosis 
as a cause of death in the aforementioned 
group rvould appear to be significant. 
Data concerning 102 additional patients 
with polyeythemia vera treated with 
radiophosphonis, not included in Erf's 
report, have shown acute leukemia to be 
the cause of death in 2, congestive heart 
failure in 1, and probable coronary throm- 
bosis in 1."' Acute leukemia, therefore, 
has been the principal cause of dcatli 
among polycythemic patients treated with 
radiophosphonis to date. Tiic incidence 
of leukemia in the treated group is 2.2% 
(7 of 316 cases), liut this figure is well 
below the percentage of 10 as reported by 
Tinney and associates^' lus dying with a 
blood picture intlistinguishablc from that 
of chronic myelogenous leukemia in a 
series of 16,3 eases of jKilyeythemia vera 
studied ])rior to the institution of radio- 
phosphonis therapy. .'since a longer 
jicriod of time may increase the ineidenee 
of acute leukemia, eventually this may 
prove to lie a le^.s valuable form of treat- 
ment than it apix-ars at present. 
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Complications. The complications en- 
countered when this form of therapy is 
used are largely hematologic, in the form 
of thrombocytopenia, leukopenia and ane- 
mia. These complications are compara- 
tively common. Among the 54 cases in 
our series, leukopenia developed in 54%, 
thrombocytopenia in 39% and anemia in 
18 %. Any one of them was found to occur 
singly or in combination with one of the 
others, but in only 1 case were thrombo- 
cytopenia, leukopenia and anemia ob- 
served simultaneously. 

Considerable variation in the period of 
time elapsing between the administration 
of the isotope and the development of the 
complication was noted. Leukopenia de- 
veloped within 2 weeks to 6 months after 
the injection of radiophosphorus, thrombo- 
cytopenia within 3 weeks to 2 months, 
and anemia within 2 to 10 months. The 
anemia and leukopenia were of relatively 
short duration, and no complications were 
noted as a result of their development. 
The thrombocytopenia, when it developed, 
tended to last somewhat longer, extending 
over periods of 4 to 8 weeks. The only 
hemorrhagic phenomenon observed was 
the development of petechiaj on the ex- 
tremities in 2 cases. No deaths as a 
result of the aforementioned complications 
have been reported. 

Leukemia. Administration of radio- 
phosphorus in leukemia and allied diseases 
differs from that in polycythemia vera. 
An attempt is made to minimize the in- 
hibitory effect of the isotope on the forma- 
tion of erythrocytes and blood platelets 
while, at the same time, a maximal de- 
pressant effect on leukopoiesis is being 
obtained. Tliis can be accomplished by 
the administration of radiophosphorus 
twice a week according to the “fractional 
method’’ of Low-Beer, Lawrence and 
Stone,-'*' until the desired result has been 
obtained. An initial dose of I to 3 inc. 
usually is administered. Thereafter, the 
size of the biweekly injections varies from 
0..) to 2 me. Treatment must be highly 
individualized because of the great varia- 


tion in response shown by the different 
patients. 

Reports on the use of radiophosphorus 
as a therapeutic agent have been pub- 
lished concerning 136 patients with chronic 
or subacute myelogenous leukemia, 
17.20,25,29 gg patients with chronic or sub- 
acute lymphatic leukemia-'^^~^^'^^’^®’'^'‘~'®' 
29,35,37 1 Q 9 paticnts with various types 

of acute leukemia.2''2.17.20.22.23,2G,29,35.37 sig_ 

nificant beneficial results have not been 
observed in any of the cases of acute 
leukemia. In the chronic forms of the 
disease, results comparable to those se- 
cured with Roentgen radiation have been 
obtained. Clinical and hematologic re- 
mission has been induced in a high pro- 
portion of patients, but published reports 
do not indicate that the duration, either 
of individual remission or of life, is greater 
than that noted after Roentgen ray 
therapy. 

The results of treatment in chronic 
myelogenous leukemia appear to be some- 
what better than those obtained in chronic 
lymphatic leukemia.^^'^® A progressive 
decrease in leukocyte values, often accom- 
panied by an increase in values for hemo- 
globin and erythrocytes, reduction in the 
size of the spleen and liver, and sympto- 
matic improvement, occurs in most pa- 
tients, except those in the terminal stage 
of the disease. 

In chronic lymphatic leukemia, the num- 
ber of patients who obtain satisfactory 
remission is somewhat lower than it is in 
chronic myelogenous leukemia. Although 
a reduction in the leukocyte count and 
improvement in the blood picture are 
observed in a significant proportion of 
patients, less recession of the patient’s 
symptoms and anemia occurs. Some re- 
duction in the size of lymph nodes and of 
the spleen commonly is observed, but in 
most cases it also appears to be less than 
that obtained by Roentgen ray radiation. 

On the basis of data collected by various 
observers, the administration of radio- 
phosphorus in the chronic leukemias has 
been found to bring about hematologic re- 
mission and clinical improvement in a 
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manner comparable nath that obtained 
with Roentgen ray therapy. However, 
the use of this isotope does not cure the 
disease. The chief advantages of this 
form of treatment are the ease of adminis- 
tration and the absence of radiation 
sickness. The principal disadvantages are 
the greater length of time required to bring 
about the desired therapeutic result and 
the greater risk of injury to the bone mar- 
row, especially with regard to inhibition 
of the formation of blood platelets to the 
point at which serious hemorrhagic com- 
plications might develop. In carefullj' 
selected cases, once remission has been 
induced by means of Roentgen ray radia- 
tion, radiophosphorus has been found to 
be effective in holding leukocyte counts at 
or near normal levels for long periods.^-” 
Used in this way, radiophosphorus therapy 
eventually may prove to be a useful ad- 
junct to treatment with Roentgen rays. 

jMiscELL.A.NEOtjs DISEASES. From the 
results thus far reported, radiophosphorus 
therapy does not appear to lie as effcctiA’e 
as Roentgen ray radiation in Hodgkin’s 
disease, lymphosarcoma or reticulum-cell 
sarcoma.'*-*''*®"-*--''”*’'®^ In myeloma it 
does not inhibit progre.ssion of the disease, 
although pain in the bones may be re- 
lieved in a high proportion of cases.'--*'*-''- 
“ In osteogenic .sarcoma, malignant 
melanoma, carcinoma of the gall bladder, 
disjcminatcd carcinoma of the breast, 
lympho-cpithclioma, mycosis fungoidcs 
and xanthomatosis, radiophosphonis is 
not a satisfactory therapeutic agent.'*-'"--’ 
Summary of Radiophosphorus Section. 
In summary, on the ba.sis of present evi- 
di-iu-c, radiophosphonis therapy provides 
an effe(-tivc means for the control of poly- 
cythemia vera. Remi-sion, often of lone 
duration, can be induced in a Inch pro- 
portion of case^. Tile chief advantagi-s 
of thi-- form of ircatmcni appear to lie 
the c-.C'c of admini'tnilion, the absence of 
nidiation sicknc?' and symptoms of toxic- 
ity am! th*- simplicity nith wliicli tin- do-e 
(-an Is- <-ontn)!!e<l. Tiie prineijia! di-aii- 
xantace- arc the i-o-i (,f lii,- materia! and 


the fact that the bone marrow may he 
injured seriously in the case of overdosage 
or an unusual sensitivity of the marrow 
to therapeutic doses. Moreover, the pos- 
sibility that radiophosphorus may cause 
terminal acute leukemia must be borne in 
mind. In the chronic leukemias, radiophos- 
phorus induces remission similar to that 
produced with Roentgen rays, but therapy 
with this isotope apparently has no par- 
ticular advantage over the latter form of 
treatment and requires a longer period to 
bring about the desired result. In multiple 
myeloma, radiophosphonis relieves pain 
in bones in a significant proportion 
of cases, but does not inhibit the sys- 
temic progression of the disease. In the 
lymphomas, radiophosphonis therapy 
appears to be less effective than 
Roentgen ray treatment, and in acute 
leukemia, metastatic tumoi-s, mycosis fiin- 
goides and .xanthomatosis, the isotope is 
ineffective as a therapeutic agent. 

R.vdiostrontiu.m. Although the most 
e.xtensive studies of radioactive elements 
in the experimental laboratory and in the 
human being have been carried out with 
radiophosphonis, other radioactive ele- 
ments have been produced and the use of 
them in both anim.als and human lieings 
has been investigated. Since radiostron- 
tium is picked up readily by growing bone, 
ii.se of it in animals and human Iieings 
has been investigated; but liee^iiisc of its 
half-life of ISO days and its weak available 
activity, its therapeutic use has been 
slight. 

The .similarity between calcium ami 
strontium led Pecher’'’ to investigation »)f 
rmliostrontium fS^’) which Inus a half-life 
of o.) days and emits bet'i ravn similar to 
tho'C of radiophosphonis. It has been 
fouml that the do^c of radiation afforded 
by radiostrontium is highest in the region-, 
in vhich an ostcopla--tic proee-s e.xists, a-- 
in o-,tcogenic sarcoma and the osteojilastic 
mctastasii of mreinorna of the prostate 
gland. 

Rafiio^tronlium hu-tate i- reatlilx t-on- 
centratcfl in growing bony ti--^iie. Tread- 
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well and associates'^ found that the high 
uptake of strontium occurs in areas in 
which new bone is being laid down, 
whether the new bone is normal or neo- 
plastic. They felt that radiostrontium 
would constitute a valuable tool in the 
study of the healing of bone after experi- 
mental fractures. 

Radio-iron. Radio-iron employed as a 
tracer substance has proved of value in 
the study of iron metabolism and the 
formation and destruction of the blood. 
When tracer doses of radio-iron are used, 
a group of iron atoms can be traced 
throughout the body by means of a Geiger- 
Miiller counter. Since tlie material used 
in tracer doses is without danger to 
human beings, this material can be used 
safely in both normal persons and persons 
who have various blood dyscrasias. 

Many very interesting studies have been 
carried out in an attempt to explain the 
absorption of iron. It has been shown 
that iron is absorbed by the body only 
when it is needed to replace depleted 
iron reserves. 

Radio-iron has been used to determine 
the true erythrocyte cell volume of the 
blood, which was found to be approxi- 
mately 8.5% lower than the centrifuge 
hematocrit volume.' 


Peacock and associates,-^ using 2 radio- 
active isotopes of iron, F®®, with a 47 day 
half-life, and F®®, with a 5 year half-life, 
have carried out tracer studies and have 
presented methods of utilization of these 
substances in experimental medicine. 

Gibson and associates'® published a 
method of determination of the circulating 
erythrocyte volume by the use of 2 radio- 
active isotopes of iron. This method gives 
an absolute measure of the circulating 
erythrocyte, a measure which is indepen- 
dent of the venous, arterial or auricular 
hematocrit reading. The method has 
been applied to the study of normal eryth- 
rocyte cell volume as well as experimental 
shock, arterial occlusion, burns and bacil- 
lary toxins. 

Radiosodium. One isotope of radio- 
sodium, which has a half-life of 14.8 
hours, has been used in the treatment of 
leukemia. This material distributes itself 
throughout the extracellular and intracel- 
lular fluid, and maintains a nearly con- 
stant level of radiation in the blood stream. 
It emits beta rays and hard gamma rays, 
and therefore acts very much like spray 
Roentgen therapy, with uniform radiation 
of the body. 
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Because of the specihe affinity of the 
thyroid for iodine and the specific role of 
iodine in the formation of thjToid hor- 
mone, it is not surprising that radio-iodine 
has Iieon applied promptly and widely to 
tiic study of prohlcms in thyroid physi- 
ology and tliyroid disease. Al least 8 
different radioactive isotopes of iodine 
have hecn described and at least 4 of 
these have been used in biologic investi- 
gations.'^ However, (half-life, 8 days)* 
and I'’” (half-life, 12.0 hours) or a mixture 
of both have lieen utilized in most investi- 
gations. Both of the i.sotopcs give olT 
relatively .strong beta rays and reliiti%'ely 
ft>eble gumma rays. They arc jirepared 
by bombardment of tellurium with neu- 
trons in the eyclotron. Mneh of the 
radio-ioflinc which Ike' bex-ome available 
to metlica! {uve>tigators wiis preparer! in 
tile cyclotnnis of the Massuchiisetts Insti- 


tute of Technology and the University of 
California. Without the excellent col- 
laboration and cooperation of the staffs 
of these and other laboratories, this field 
could not have developed so rapidly. 

Phy-siologic Applications. Hertz" in 
1937 was first to investigate the possibili- 
ties of radio-iodine as an indicator in 
thyroid physiology. He used the tracer 

tcchnirpie.t 

Hertz'- and many other sulisequent in- 
vestigators found that the thyroid <‘fi|- 
Icctcd iodine with avidity and that the 
degree of such avirlity for iodine could l>e 
correlated with variou-s histologic and 
physiologic states of the thyroid. Iodine 
deficiency, administration of potassium 
thiocyanate,'’ and soy bean rliet all in- 
creased the afiinity of the thyroid foi 
iodine.” Tfie prcvioii.s administration of 
ioelinc or of thyroxin and hyjwiihy.scctomy 


* lodineo; iodine with atomir nia-< of I3t fo dwtingui-h it from natural iodine (rna'-. 127; 

By ■■haU-lde” U meant the time required for half of any riuantily of the i«)to;je to deapp'-ar. 

t ’'Tr-T'er tc' hniT’je" to tin- u-e of radionetis'ity to tmee the ro'me of minute <juantiti‘-i of 

matern! through variou- reaetion*. The cliicf xmluc of such methods lie- in their applieation to the 
-tud.r of met.alxilic pro-e-u-i under ror.dition.-t of pby-‘io!ogic etjuilibrium. Many problcni-. f-pee’uiUy 
t!.-j«e involving rates of collectioa and turnover, can be approaeherl now for the first time by means 
of this technique. 
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were among the factors which reduced it. 
Thiouracil and related goitrogenic sub- 
stances promptly and markedly decreased 
iodine collection before any other effects 
of these agents were evident.^® Chaikoff 
and his associates®-*^ have used radio- 
iodine in in vivo and in in vitro studies to 
examine the rate and mode of formation 
of diiodotyrosine and thyroxin. Other 
studies have dealt with the mode of action 
of thyrotropic hormone, qualitative dif- 
ferences in the action of various goitro- 
gens, functional maturation of embryonal 
thyroid tissue and numerous related 
problems. 

Clinical Investigations. While its 
use in studies involving experimental ani- 
mals has been productive, radio-iodine 
offers its greatest promise in the investi- 
gation of thyroid function in man. Hamil- 
ton and Soley® were the first to study the 
behavior of radio-iodine in man. Hertz 
and his colleagues,® Rawson*® and others 
also have explored the method extensively. 
Radio-iodine is collected by the thyroid 
in substantial amounts. !Most of the 
iodine not collected by the thjToid is 
excreted in the urine; only insignificant 
amounts appear in the feces. EuthjToid 
persons excrete up to SO % of a given dose 
in the urine; myxedematous patients, up 
to 95%, and persons who have untreated 
thyrotoxicosis, a much smaller percentage 
than those who have normal thyroids.® 
Hamilton and Soley® have measured 
directly the collection of iodine in the 
thyroid by placing a Geiger-Miiller coun- 
ter over the thyroid. They found that 
both the collection of iodine by the gland 
atid the subsequent disappearance from 
the gland can be followed in this way. 
Despite its technical limitations, this pro- 
cedure offers great promise. ’IMien it can 
be supplemented by an accurate method 
for measuring radio-iodine in blood in 
addition to the measurement of urinary 
excretion, it will be possible to e.xamine 
more precisely than heretofore the altered 


dynamics of iodine metabolism in thyroid 
disease. 

Hamilton and Soley^ have also pioneered 
in applying the technique of autoradiog- 
raphy* to the study of surgically removed 
thyroid tissue. By this means they and 
others investigated the microscopic dis- 
tribution of radio-iodine in the thyroid 
and w'ere thus able to correlate the struc- 
ture of the gland with the distribution of 
iodine. 

The application of tracers of radio-iodine 
to the study of patients is someivhat limit- 
ed by the necessity of avoiding doses of 
radiation which are sufficient to modify 
thyroid function because of 2 factors; (1) 
the risk of producing artefacts which may 
be misinterpreted, and (2) the hazard of 
exposing the thyroid to undesirable quan- 
tities of radiation. All of the tracer studies 
reported so far involve quantities of radia- 
tion in the thjrroid which substantially 
exceed the arbitrary tolerance dose of 
0.1 r per day, a dose generally accepted 
as permissible in work with Roentgen rays 
and radium. 

Radio-iodine probably will find its chief 
use as a tool ior the study of thyroid 
function. However, it also has some 
promise as a therapeutic agent. Hertz 
and Roberts® in 1942 reported preliminary 
observations made in 10 cases of e.xoph- 
thalmic goiter treated with radio-iodine. 
Hamilton, Lawrence and Solej'^-® also re- 
ported early results with the treatment of 
exophthalmic goiter. While both groups 
were encouraged by their trials, they did 
not publish sufficient detail for an ade- 
quate appraisal of the procedure. Hertz 
and Roberts*® recently have reported a 
detailed folloiv-up study of their experi- 
ence in treating 29 patients, and Chapman 
and Evans* have published similar data 
concerning an additional series of 22 cases. 
Remission of hyperthxToidism was ob- 
served in a majority of cases in both series. 
In the group of patients treated by Chap- 


man and Evans the average dose of radia- 

* -Vj «’‘'oradioKraph is made l)y appUvitiK a sensitized emulsion to a thin microscopic section of 
tlij-roui tissue, which prc\nouslv had collected radio-iodine, for a sufficient time to allow the radiation 

the emulsion. The resulting pattern discloses the distribution and 
density of too radio^iodmo in the tissue. 
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tion given was 2 to 3 times as mueh as 
that used by Hertz and Roberts. Of the 
22 patients in Chapman and Evans’ report, 
20 were relieved of hyperthjToidism; in 4 
of the 20 cases myxedema developed. 
Mild reactions resembling radiation sick- 
ness occurred in 6 cases. 

So far, it appears that the possibilities 
of treating thjToid cancer nith radio- 
iodine are very limited. As Hamilton was 
first to point out,’ lack of success is due to 
the fact that most malignant lesions of 
the thyroid are unable to collect or store 
iodine. However, 3 cases have been re- 
ported in which thyroid carcinoma and 
distant metastatic lesions collected radio- 
iodine in amounts sufficient for treat- 
ment.^-'* In 1 case prolonged treatment 
with radio-iodine effected a remarkable 
arrest of -n-idespread bony metastatic 
lesions.-” It is reasonable to assume, 
tiierefore, that a few malignant lesions of 
the thyroid actually will prove amenable 
to this form of treatment. Even though, 
as seems probable, such cases prove to 
be a very small proportion of thyroid 
malignancies, treatment with radio-iodine 
is sufficiently promising to justify a careful 
search for cases in which it might be 
efTcelive. 

The therapeutic application of radio- 
iodine is complicated f)y the difficulties of 
<lelermining the dose of radiation received. 
Various aspects of this highly technical 
sul)jcct have been discussed by ^larineHi'” 
and by Chapman and Evans.' The bio- 
logic factors which must lie kno\\Ti am! 
uu-a.'ured in order to determine dosage 
include the actual weight of the thyroid 
gland, the quantity of a given dose col- 
lecttni liy the thvToid and the rate at 
whicfi i(Mline i- exen-ted sul>'eriucntly f>y 
the iliXToid. The purely piic.-ical factors 


include the qualitative charaeter and 
speeific energy of the radiation of the 
isotope employed, as well as the half-life 
of the isotope. Most of the foregoing 
can be determined, at least approximately, 
but other variables cannot. These vari- 
ables inelude variations in radiosensitivity 
due to varying degrees of hyperplasia or 
the like. On this aecount it seems likely 
that, for the present at least, dosimetry 
may remain on a somewhat empiric basis. 

In all therapeutic studies reported thus 
far a mixture of radioactive isotopes of 
iodine consisting chiefly of I'”” has been 
employed. Because of the physical limi- 
tations of the cyclotron this could be pre- 
pared only in relatively small quantities 
and because of its short half-life it was 
useful only to investigators within the 
immediate vicinity. In recent months, 
I'”' prepared in the uranium piles of the 
Clinton Laboratories has become avail- 
able in large quantities, and consequently 
it is now receiving extensive therapeutic 
trial. Since the physical characteristics of 
I'”' are different from those of I’”®, the 
problem of effective dosage is certain to 
be different. 

It must not be thought that use of radio- 
iodine, either as a tool for investigation 
or as a therapeutic agent, is without 
danger. The handling of radio-iodine re- 
quires the same kind of precautions against 
the insidious and disastrous consequences 
of radiation for the patient, the physician 
and the technician as does the use of 
radium or Roentgen rays. This is p;ir- 
ticularly the case because of the jH-netrat- 
ing character of the gamma ray.-,. Mueh 
more information is needed concerning 
minimal quantities which arc capable of 
producing radiation effeet.s i)otIi on tlie 
thyroid glantl and other organ-. 
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Hepatic Purine Nitrogen Partition in 
Normal and Injured Rats. By Julids 
Schultz and Harry IM. Vars (Harrison 
Dept, of Surg. Research, Univ. of Penna.). 
To obtain a clearer understanding of the 
mechanism by which a sterile abscess af- 
fords protection against hepatic damage 
due to chloroform anesthesi.a', the com- 
position of the liver under these circum- 
stances was investigated. The purine-K 
and total heat-coagidable protein (.Addis) 
of the livers of 24 and 48 hour fasted rats 
pooled in groups of 5 were compared with 
values obtained from comparable groups 
abscessed, anesthetized or receiving both 
treatments." .-Ml animals had received a 
stock diet plus 12% casein for 2 weeks 
prior to the experiments. 


thesia and 3.9 with anesthesia. Anesthe- 
sia alone resulted in a ratio of 3.9. 

.A partition of the total purine-N into 
nucleotide, nucleoside, free and protein- 
bound purine was made. The increased 
levels of purine-N were due chiefly to the 
purine-N of the protein. 

The nucleic acid content of the heat- 
coagidable protein was calculated from 
the purine-N and phosphorus contents of 
the protein. By subtracting this value 
from the total protein the quantity of the 
nuclcic-acid-frec protein was determined. 
The data have been c.vprcsscd ns the quan- 
tities present per liver of a 200 gm. rat. 
The increments of protein and nucleic 
acid of the injured animals over the 
amounts found in the 48 hour fasted con- 


Tadi.e 1.— Protein a.s-d Nuci-eic .\cid Content of the Liver op the 200 Gm. R.\t 
nVFRF^^ED InCREMF.NTH AROVE THE BaSM, VaEVE** 'OF .tNIMALS FaSTED 4S’ HoURR 


Treatment 

Groups 


Protein 

(A) 

Nucleic acid 

(B) 

(A) 


no. 

hr'. 

IRK. 

mR. 


HR"i.-il level 

. 3 

4^ 

1145 

07 

5 8 

Fed . 

fnercmenli of Groups 

. 3 0 

479 

15 

3 1 

I'n'tod 

3 

21 

163 

o 

0 0 

.Ib’cc^Aod 

•> 

21 

250 

10 

0 2 

.Ine'thetiieri 

3 

24 

255 

3 

1 2 

.Vnc'thctired 

o 

4' 

30 

2 

0 0 

.\h>ee'«ed— ancathctiicd 

3 

21 

230 

15 

0 4 

ALiee-'erl — .anestlictiied 


4S 

90 

0 

0.7 
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Inrrea'cd quantities of purine-N and 
protein were found in the livers of the 
itijured rat.--. The r.itin> of (purinc-N to 
tom! nitrogeul X 10*4 uerc .-icnifleantly 
greater in the-e animal' than in the fasted 
or fid ciintrol'. The fed and fa-teil rats 
'!io«ed a r.itio of .'l.G while the absces-cd 
animal' bad r.ttii>' of 4.2 without ane<- 


trols arc shown in Table 1. The nucleic 
acid cornfiosition of this iruTement was 
greater in the ab'^ecn'cd animal', with 
and without ane^thc'ia, than in the fed or 
24 hour fa'ted rat.«. These changes are 
characteristic of the relation.'hips ol>- 
.cerved in fi-'iic' actively forming new 
protein. 
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Calcium Binding Property of the Serum 
Proteins. By A. J. Eawson, M.D,, and 
F. William Sonderman, M.D. (Pepper 
Laboratory, Hosp. of the Univ. of Penna.). 
After separating the serum proteins by 
means oi methanoV precipitation of the 
globulins it is possible to measure the cal- 
cium binding property of both the albu- 
min and total globulins without resorting 
to the isolation and purification of these 
fractions. In normal sera the average 
value of calcium bound to albumin was 
found to be 0.95 (s.e. = 0.04) mg. of cal- 
cium per gm. of albumin, and that of 
calcium bound to globulin, 0.74 (s.e. = 
0.03) mg. of calcium per gm. of globulin. 

The calcium binding property of the 
protein fractions was studied in sera ob- 
tained from patients suffering from multi- 
ple myeloma, lymphogranuloma venereum 
and sarcoidosis. It was found that in the 
sera of 9 out of 10 patients studied the 
value of the calcium binding property of 
albumin was increased to as much as 
6 times the normal. The evidence sug- 
gests that an altered form of albumin 
may appear in the albumin fraction in 
these diseased states. It was also observed 
in these conditions that the value of the 
calcium binding property of the total 
serum globulins varied from the normal, 
and appeared to be dependent upon the 
predominating type of globulin present. 

The hypercalcemia present in 2 of our 
cases of multiple myeloma was due to an 
increased concentration of calcium bound 
to protein. This increase was dependent 
upon 2 factors: (a) the increased binding 
power of the serum albumin, and (6) the 
increased concentrations of total globu- 
lins, with approximately normal binding 
property. 


Pulmonary Artery Pressure in Phosgene 
Poisoning. By IMa-RY Gibbon, H. D. 
Bruner, jSI.D., R. D. Boche, Ph.D., and 
.1. S. Lockwood, INI.D. (Harrison Dept, 
of Surg. Rc.^c.arch, Univ. of Penna.). In 
order to decide whether the pulmonary 
edema of phosgene poisoning was due 
primarily to toxic endothelial damage or 


to elevated hydrostatic pressure, the 
pressures in the lesser circulation were 
measured in 5 cats following exposure to 
phosgene. The marsupialized heart prepa- 
ration avoided the necessity of anesthesia 
arvd thoracotomy, the pressures were 
procured by means of specially designed 
air-damped manometers. In favorable 
preparations, the right and left atrial pres- 
sures also were measured. No evidence 
of raised pulmonary artery, pulmonary 
vein or systemic venous pressure was 
observed. Immediately after exposure to 
potentially lethal doses of phosgene, pul- 
monary artery and systemic arterial pres- 
sure decreased while the atrial and ven- 
ous pressures remained approximately un- 
changed or were slightly lower; termi- 
nally all pressures tended to return toward 
pre-gassing levels. The operation may 
have facilitated development of pulmonary 
congestion, but these cats behaved in all 
respects like simultaneously gassed con- 
trols, and at autopsy their lungs w'ere 
typical of phosgene poisoning. 

These data exclude abnormal hemo- 
dynamics as a cause of the increased per- 
meability of pulmonary capillaries in 
phosgene poisoning. Therefore, despite 
our inability to find histologic evidence 
of endothelial damage, we must postulate 
that such damage is present; collateral 
evidence supports this view. 


The Effect of Carbon Dioxide on the 
Initial Ventricular Deflection of the EKG. 
By Tho.mas Durant, M.D., Joan Long, 
M.D., M. J. Oppenheimer, M.D. (Depts. 
of Physiology and hledicine. Temple Univ. 
hledical School). In the course of study- 
ing experimental air embolism,^ the action 
of intravenous carbon dioxide on the EKG 
of the dog was investigated. Direct leads 
were taken from the anterior surface of 
the right ventricle in open chest experi- 
ments with dogs under nembutal anes- 
thesia. hen 50 cc. of CO; are rapidly 
injected into a femoral vein, the initial 
upward deflection is decreased in ampli- 
tude or disappears entirely in the direct 
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lead from tlte right ventricle. The S wave 
is slightly increased and the S-T segment 
is raised. Tlie gas quickly disappears 
from the right ventricle (15 to 17 seconds) 
and the EKG returns to normal within 1 
to 3 minutes. The decrease in amplitude 
of R is proportional to the amount of CO 2 
injected. In the limb leads, the reduction 
of R is most pronounced in Lead 3. When 
30 ec. of 1 % procaine is injected the QRS 
interval (duration) is increased, and when 
the action of CO 2 is superimposed on that 
of procaine, the pattern from the surface 


of the right ventricle resembles that of 
right bundle branch block. 

These changes are not due to dilatation 
of the right ventricle, as air causes greater 
dilatation but no change in R. The change 
occurs when both the sympathetic and the 
vagi are cut. Tlie injection of 0.1 N HCl 
did not cause a lowering of R. The change 
failed to occur at a pH of 7.4 at one time 
and did occur at the same pH at another. 
The question is raised as to whether this 
change could be due to the specific action 
of COj on the cardiac conduction system. 
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Essentials of Clinical Proctology. By 
G. Spiesman, B.S., M.D., Proctologist, 
Mt. Sinai and Edgewater Hospitals; Con- 
sulting Proctologist, Grant, Henrotin and 
St. Elizabeth Hospitals. Pp. 238. New 
York; Grune & Stratton, 1946. Price, 
S4.00. 

The Reviewer has been somewhat at a 
loss in reading this little book to determine 
to what group of readers it is addressed. 
The description of the anatomy of the ano- 
rectal region is surely for students of medi- 
cine, but reference to “pain pills” and to 
the dosage of sulfadiazine and sulfauxidine 
in terms of the number of “tablets” to be 
given is surely for others than students. 

The author discusses the various procto- 
logic conditions from a practical point of 
view and in addition adds lists of symptoms 
and differential diagnosis in tabulated form. 

The Reviewer cannot conscientiously say 
that this volume adds to our knowledge of 
clinical proctology, but it is possible that it 
may be of use to a beginning general practi- 
tioner who will meet in his practice some of 
the conditions here discussed. I. R. 


Hospital Care of the Surgical Patient. 
By George Crile, Jr., M.D., Surgeon, 
Cleveland Clinic, and Franklin L, 
Shively, Jr., M.D., Assistant Surgeon, 
Cleveland Clinic. 2nd ed. Pp. 288. 
Springfield, 111.: Charles C Thomas, 1946. 
Price, 83.50. 

The demand for the 1st edition of this 
handbook has made a 2nd edition necessarj’^ 
within 3 j'cars. The authors state that this 
is not a reference book, but it is more than 
likely that surgical interns and residents will 
hud it useful as such, as well as for the pur- 
pose for which it was intended— that is, to 
introduce the surgical house staff to the 
more common procedures in modern surgical 
care. 

It is refreshing to find in the discussion 
of surgical complications that the cause of 
the complication is always emphasized so 
that the young surgeon will be alert to fore- 
stall the development of such complications 
whenever jiossihle. 


The Reviewer recommends this handbook 
to all surgical residents and to the general 
surgeon as well. I- B- 


The Traumatic Deformities and Disa- 
bilities OF the Upper Extremity. By 
Arthur Steindler, M.D., F.A.C.S., Pro- 
fessor and Head of the Department of 
Orthopedic Surgery, The State Universitj'' 
of Iowa. In collaboration with John 
Louis Marker, M.D., Associate, Ortho- 
pedic Department, State University of 
Iowa. Pp. 515; 1048 ills. Springfield, 111. : 
Charles C Thomas, 1946. Price, SIO.OO. 
Dr. Steindler’s book appears at an op- 
portune time and should prove a valuable 
guide to the numerous members of the medi- 
cal profession concerned with the problems 
of reconstructive surgery ivbicb have arisen 
from World War II. It deals with the de- 
layed results of trauma rather than the 
initial care of injury. The first part of the 
book, “ General Considerations Pertaining to 
Traumatic Disabilities of the Upper Ex- 
tremity,” is largely introductory in character 
and concerns principles applicable almost as 
much to the lower as to the upper extremi- 
ties, although mobility is stressed through- 
out as the predominant requirement for the 
arm in contrast to stability for the leg. 
This introductoiy section emphasizes the 
close interrelationship of the joints of the 
extremitj’' and the fact that all joints must 
be subservient to the proper functioning of 
the hand. Without this overall picture it 
is difficult to plan correctly the proper recon- 
structive procedures. 

The second and major part of the book is 
presented in the form of “case histories” 
rather than as a text, with special emphasis 
on clinical and diagnostic features. For this 
reason it will be exceptionally useful in the 
handling of individual cases. 

Operations for the habitual dislocation of 
the shoulder joint are discussed at length. 
The author favors the Nicola and Henderson 
operations. For unreduced fracture disloca- 
tions of the neck of the humerus he ad^nses 
open reduction or resection. Resection is 
used in the majority of older injuries al- 



636 


BOOK REVIEWS AND NOTICES 


thouph many do not require operation if 
pain i? not an important factor. The massive 
onlay hone graft is preferred for non-union 
of the humerus, radius and ulna. The bone 
is taken from the tibia and fixed with xdtal- 
lium screws. 

Disabilities of tlie elbow are grouped from 
the physiologic and functional point of view 
rather than the anatomical. Cubitus varus 
and valgus, intra-articular blockage of the 
elbow, e.\'tra-articular contractures, intra- 
articular adhesions, disabilities following 
unreduced dislocation, traumatic arthritis, 
and nerx’e p.alsies are presented along with 
the indicated operations and case reports. 

The controversial question of the proper 
operative treatment of non-union of the 
scaphoid is answered Iw giring the following 
choice of operations with the .special indica- 
tions for each: drilling of the bone, bone 
graft and resection of the scaphoid. 

In the discussion of the deformities of the 
hand the work of Bunnell is quoted fre- 
quently. The use of bone grafts taken from 
the crest of the ilium and fixed with wires 
or pin® through the medulla is not men- 
tioned. Thi® method, which has been used 
extensively in Army orthopedic centers for 
non-union of the metacarpals, ha® proved 
to l)e valuable. 

This volume i® the work of an authority, 
excellently written, and supplemented with 
clear and approjiriafe illiiifrations. 

W. r.. Jn. 


.'■efrtKt.t.K Tiinrurir. By 

Di:. M vx Privat<iozent fur 

C’hinircic, Bern. !’[). 8.S-J; U>Sq ill-. 
l!'-m: linn-' Ilulw’r, Idin. Brice, $20.00, 
Tin® volume i- one tjf a croup of me<iical 
hamrootk- for iloetor- and '•tiidcrit-. publi-h- 
e<! by Hul-er. The .author ha- ‘■et .a® lii® aim 
tiie ae.'V.cr to 2 iiue-fion-; Wh.at i® the l>e-t 
tluTic to do in .n certain ‘•urcical '•ituation 
and h iv, i- thi- Is"®! lione? The an-wer® to 
tl.e-e arc definitely and rh-arly 

-t.at*®! i:i tl.e text. The entire ranee nf 
-':rc"r.' frous t.-num.atie m uro-urce.’y* tfi frac- 
turi- a: d r.tl.er fii-ea-*- f'f the extremitie- 
j- in d-'t-xi! v.ith frequent iliu-lra- 

t’ I',, t.i r::'.it tt.e rinder to fr'llow ea-ily 
fr r.r".t' ar.d fi.-- -t<;- f'f tie- tijy-rative 
j,., j,-t-,'r:l-®i. T*}'.' d-'*".’! th.'tf i- 

;'v. r. I- rnu'-’n ti >• "muM i>- com- 


monly found in American te.xtbooks. Evert’ 
step of the diagnosis and of the operative pro- 
cedure is described and the postoperative 
care is written to include all the usual post- 
operative orders for each d.ay. The various 
possible postoperative complications arc de- 
scribed for each disease separately. 

The book lacks a section on anesthesia, 
and the modern emphasis on nutrition of the 
surgical patient is not .found in the dcscrii>- 
tion of the postoperative care. In tlio sec- 
tion on fractures, the treatment.® prcscrihcd 
.are similar to those of Boehlor. 

On the whole, the book is well written. 
The illustrations arc pen and ink drawing® 
that show well what the author wislics to 
illustrate. L. F. 


BuLxiox.xnv Edema a.vd Infl.\mmatio.\’. 
By Cecil K. Dri.vker, M.D., D.Sc., Pro- 
fessor of Pliysiologj’, School of Public 
Health, Harvard University. Pp. lOG; 27 
figs. Cambridge, Mass.: Harvard Univ. 
Pre.«s, 194.5. Price, ?2.50. 

This Harvard University Monograjili in 
Medicine and Public Health includes a 
.series of 4 lectures by fiic author in which 
the proce.®.«cs involved in tlie formation and 
removal of pulmonarj’ transudate.® and exu- 
dates arc analyzed. A fifth chapter upon 
artificial respiration ha® been added. 

Few authors write in as clear and enter- 
taining a fashion ns dw® Dr. Drinker. In 
thi® monograph he lin® pre.-entod a iiotcn- 
fialiy liifTicult .subject .so masterfully that 
even a phyrician only mildly interested in 
the subject will re.ad it as easily as a novel. 
Much of the exjK'rimcntal work rejiorfed in 
this hook ha® been carried out by Dr. Drinker 
and hi® as=oci.ates and he rrrounf.- tlii- work 
as a .series of adventure® in piilnutnary 
phy®iolo"x-. It is inderri refre-hing to turn 
to thi® tyfie of presentation and it i® hojie'l 
that more author® v.-iit present their inve-ti- 
gation: in such pe.--onaI form. .1. C,, .In 

TEfiiNion; OK P.-vnioxNAi.VTir Tiii;i:.xi‘\ . 
flyf-xMioR DmxM), M.D., .MemlK>rof the 
I acuity of the Xe-.v Vork I'®yrhoana!ytie 
In-titute. pp. 2.71. Xf w Vf/rk; Int'-.®- 
natiors.al Univ. Pre-®, If'iO. Price, 

Is thi- x’o’uine the author {>rf-erit- mate- 
ri.al ii-r®l in an advanccfl scmiri.ar and colio- 
q'li'im in technique .at the Xev. Vork IVy- 
chi'jtric In-tiflite. The Utok ft-f-ume- III 
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the reader some knowledge of basic psycho- 
analytical theory and is meant primarily 
for the psychoanalyst in training. The 
author stresses flexibility in technique and 
interpretation and refreshingly states that 
at times the therapist must be satisfied with 
practical results which enable the patient to 
get along better than he did prior to therapy. 

The author uses partial case histories to 
illustrate problems in technique. Partial 
contents: Anxieties and Phobias; Sexual 
Difficulties; Compulsion Neuroses; Dream 
Analysis; Counter Transference, Termina- 
tion. J. w. 


A-rays and Radium in the Treatment of 
Diseases of the Skin. Edited by 
George M. MacICee, M.D., Professor of 
Clinical Dermatology and Director, Dept, 
of Dermatology, New York Post-Gradu- 
ate Med. School and Hospital, Columbia 
Univ., and Anthony C. Cipollaro, M.D., 
Assistant Professor of Dermatology and 
Assistant Director, Dept, of Dermatology, 
New York Post-Graduate Medical School 
and Hospital, Columbia Univ. Contribu- 
tor: Hamilton Montgomery, M.D., 

Associate Professor of Dermatology, Mayo 
Foundation, Univ. of Minnesota. 4th ed. 
Pp, 668; 325 ills. Phila.: Lea & Febiger, 
1946. Price, SIO.OO. 

This book has fulfilled over the years a 
demand of radiologists and dermatologists. 
The historical, engineering and physical con- 
siderations of roentgenologj'' and radium are 
beautifully done by Dr. Edith Quimby. 
Eveiy radiologist should be thoroughly fam- 
iliar with the fundamental considerations of 
radiation therapy, which are beautifully 
described and illustrated in the text. The 
biologic and biochemical considerations of 
irradiation, also considered by Dr. Quimbj', 
are also well done. Dr. Montgomer3'’s chap- 
ter on the pathologic histologj’’ of radio-der- 
matitis is excellontlj' prepared and gives 
important information. 

The Re\newer obtains the impression that 
the factors recommended in the treatment 
of various lesions under “therapeutic con- 
siderations” need to be amplified in order 
that the inexperienced dermatologist may 
use this book as a guide. Factors that are 
used in treatment should be described care- 
fully. The necessity for ha\'ing frequent 
measurements madeof his machine is stressed 
in order that he can be sure of its output. 


This has been done to a considerable extent 
in some lesions such as tinea capitis. Other 
chapters such as the one on angiomas of 
the skin and epitheliomas need much more 
elaboration. 

The authors have had a tremendous 
amount of experience and they have done a 
great deal to elevate the standards of radia- 
tion treatment in dermatologic conditions. 
It is hoped, therefore, that in any subse- 
quent editions more detailed consideration 
of treatment techniques will be included. 

Many of the references in the Bibliography 
refer to older publications on the various 
subjects. Though these are important, the 
Reviewer believes that it is equally impor- 
tant to deal with some of the more recent 
pathologic considerations of the conditions 
and the radiologic methods employed in 
their control. 

This is one of the best books on the sub- 
ject. It contains a wealth of information, is 
concisely written, and well illustrated. The 
publishers are to be congratulated on the 
physical quality of the book including the 
paper, print and illustrations. E. P. 


Medical Clinics of North America. 

Boston Number. Philadelphia: W. B. 

Saunders, 1946. Price, 816.00 a year. 

This issue is described as a Symposium 
on Specific Methods of Treatment. It con- 
tains articles on a wide variety of diseases, 
and will prove of value to the internist as 
well as to the general practitioner. Some 
of the papers discuss the present status of 
new drugs, such as streptomycin, demerol, 
benadryl and pyribenzamine. Otliers cover 
adequately and in sufficient detail such gen- 
eral problems as \’irus diseases, essential 
hypertension, renal insufficiency, coronarj’ 
occlusion, and chemotherapy in diseases of 
the ear, nose and throat. The paper on 
infectious hepatitis summarizes the recent 
advances resulting from the careful study 
of large numbers of cases in the Armed 
Forces and in cmlian hospitals. “Postwar 
Tropical Diseases” mentions the problems 
which will arise from time to time in ciAilian 
practice, but fails to give specific directions 
for the treatment of an average case of 
malaria, and mentions only in general terms 
the treatment of amebiasis, which may well 
prove to be a far more important problem. 
If the recommendations for the treatment 
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of anemia and of neiirocirculaton’ asthenia 
uere nK)re widely followed, such patients 
would he greatly benefited. H. H. 

Early Ambulation and Related Pro- 
cedures IN Surgical Man.agement. By 
Daniel .T. Leitilauser, M.D., F.A.C.S., 
Chief of Surgerj-, St. Joseph Alercy Hospi- 
tal, Detroit. Pp. 232 ; 30 figs.; 6 table.s. 
Springfield, 111.: Charlc.s C Thomas, 1040. 
Price, ?4..50. 

During the recent war the RcAaewer had 
an ojiportunity to see the effects of an 
extreme form of early ambulation in many 
hundreds of Chinese patients who refused to 
limit their activitic.s after operation. A 
walk of a mile or so on the day after an 
abdominal operation Avas not unheard of. 
It would be Avell for a surgeon who has any 
doubts as to the benefit of early ambulation 
to read and reread tin's I>ook until convinced 
that this method of treatment is not only 
h:irmle,ss but beneficial. 

There is so much of value in this j)re.senta- 
tion that it seems [wtty to call attention to 
minor inaecuracie.s and omissions, imt there 
is one simtfC'tion tiiat migltt lie made. If 
another edition is contemplated, Dr. lA>it- 
hau'cr might well expand the .section on 
preojierative management, placing more 
empha-is on nutrition, for this i? of great 
nniiortance to the jiatient in the postojK'r.a- 
fi\-e iHTimi. I. R. 


Monooi.ism .vm> CiiETiNi-v, Study of 
thf (''linical Miinife-tation- and the (!en- 
cral PatlmliigA' of Pituitary and Thyroid 
D'Tiei-ncy. By Clemens K. Benda, 
M.D., Director, W.all.ace Rc'earrh Dalwira- 
tory for tie- Study of Mental Def)cie|iry, 
Wn-ntlnin. Ma--., In-trucfor in Xmro- 
I itl.o’c^y, Harvard Me<iir.al .'^cIkioI. Pp 
It'.'! ill-. New "^'ork: finine A- Strat- 
i' c. P‘ir,. Price. ,er, .•.n. 

TiU' D->V. r< p’c-ent- dat.a roll* t tt <1 fluring 
Him a-- of re > irc’:,. .\Io'e than .'lixt pate nt- 
'■ !fi. e V ( re .'/I of v }.o;n 

ca:;,. Io :‘.uto;>'V. T: •' author gi’.t- evi- 
d ' o :■ - 1.0 i-,,'; •( p; of ri.<,:!g,il:-m a.- pitu- 
U-’.';. >! r'.i-y f«'. urri:;g in b ’■•.1 li:'e. -.-.ith 

gr th d -turlar'e- fo'l C’,;;;; s's c’fic {LOt- 

L rt .a: 1 ■ th f*. ‘ *: *' ne Ltal fh firo-ne-. 



He t: A*, .a li '-"frera*i’'g go-vr i: 


cretinism sometimes causes toxic symptoms 
of “dysthyroidism” and makes total thy- 
roidectomy preferable to leaving intact the 
degenerating goiter which causes dysfunc- 
tion. This is not consistent with modern 
views that thjToid secretion is never an 
abnormal secretion qualitatively but varies 
only quantitatively. 

Theoretical discussions, such as tho'C 
dealing with the functional significance of 
histologic changes in pituitary and thjToicl, 
are not convincing. However, anyone 
interested in these 2 conditions will find 
readily accessible the author’s extensive data 
on gross and microscopic alterations in 
organs, especially those of internal secretion, 
the brain, and osseous system, roentgen ray 
findings, metabolic, hematologic and bio- 
chemical studic.s, behavior and maternal 
condition. Thc-«e factual data can he sepa- 
rated from personal points of view and inter- 
pretations with which some readers will not 
be in agreement. I. Z. 


The Surgical Technic of Ardominai- 
Opeilations. By Julius L. Spivack, 
M.D., LL.D., As.sncinlc Profc.s«or of 
Surgerj', Univ. of Illinois Coll, of Med. 
4th cd. Pp. 712; 082 ills. Springfield, 
HI.: Cliarles C Tliomns, HHO. Price, 
.810.00. 

Tins textbook is now in its 4th edition 
If is a jirccisclj’ v\Ti(ten and rarefully 
printed book on operative tecbni(|ue. The 
illustrations arc diagrammatic ratiicr than 
anatomic. 

Tlic Reviewer believe.: that in the next 
edition the author should feci it hi- re-jion^.i- 
bilitv- to eliminate from it futile and even 
(langerf)U'' operative proeeflure-. There i- 
no liare in a mwlern .•^urgie.al feelinifiue 
IsKfk for a de-erijitinn of the u-e <if the 
Murjihy button nr for ga-trojilierition 
Tlie-e Slid a numlier of other methiKl- lielong 
in a hi-forv' of surgerj'. 

It might [leiintif! out al-o that eerlaui 
anatomic inaeruraei'-- -hould Im efirrf-eted 
r^giire 2.'!.’). for exanqile. carrie- the title 
“fundu-eetornj';” but tic el'iinfe are <-hov.n 
apjilieii to a -fetion fif the bodj' of the 
-U-Tinrh Ik'Iow the fiindu-. Again in I'i'/ure 
tl.e gT'.ater eur.'aturi- i^* *.ho'.-.n lying 
fiver tl.e of tic i-filfcn V ith tic tiindu- 

'.’.f i! fiut o' tl.e f'pe-rative fcld; b'lt tic text, 
riffrring to the illu-tratifin, raution- again-* 
inju.'j' to tt e fnr.du-'. 
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In spite of these criticisms the book has 
the virtue of clarity and conciseness and is 
undoubtedly useful to interns and residents 
as a visual aid to understanding the pro- 
cedures to be followed in the operations 
described. I- R- 


The Diagnosis and Treatment of Bron- 
chial Asthma. By Leslie N. Gay, 
Ph.B., M.D., Assistant Professor of Med- 
cine of the Johns Hopkins University, 
School of Medicine, Director of the Al- 
lergy Clinic of the Johns Hopkins Hospital. 
Foreword by Warfield T. Longcope, 
A.B., M.D., Professor of Medidne of the 
Johns Hopkins University School of Medi- 
cine, Physician-in-Chief of the Johns Hop- 
kins Hospital. Pp. 334; 80 ills.; 4 plates. 
Baltimore; Williams & Wilkins, 1946. 
Price, S5.00. 

A SOUND jiresentation of a complex sub- 
ject and in keeping with the training and 
rich experience of the author. Chapters 
deal with the physiology of normal respira- 
tion and the asthmatic state, the etiologj'’ of 
asthma, its pathology, its diagnosis, the 
complications and differential diagnosis of 
asthma, asthmatic paroxysms, due to psy- 
chosomatic disturbances, and the treatment 
of asthma. Particularly well done are the 
chapters on pathology and on treatment. 
There are numerous illustrative case reports 
that enhance the value of the book. The 
many therapeutic measures tliat have been 
used in this disease are evaluated and the 
advice offered is conservative and depend- 
able. The discussion of the relation of 
psychosomatic disturbances to asthma is 
])crhaps more favorable to the psychiatric 
approach than the evidence warrants, but is 
fairly put. General jiractitioners and al- 
lerpsts will find it a helpful addition to 
their library. R. K. 


.'\ctiqns and Uses of Drugs, a Textbook 
for Nurses. By Windsor C. Cutting, 
M.p., Professor of Therapeutics, Stanford 
University. Pp. 326; 27 ills. San Fran- 
cisco: Stanford Univ. Press, 1046. Price, 
$3.00. 

CoNSiDF.RiNG the limitations of back- 
ground of student nurse.'? and the time usu- 
ally allotted to a nurse’s course in Pharma- 
cologj', this text .<5001115 to be a most sensible 
approach to the subject. The fact that the 
book does not adhere closely to the cour.se 


outline given in A Curricuhtm Guide for 
Schools of Nurdvg and the omission of many 
rather obsolete drugs, often included in this 
course, are well compensated for by the 
logical, basic approach to this science and by 
the inclusion of many of the newer drugs in 
wide use today. Each illustration is simple, 
meaningful and enlightening. H. R. 


NEW BOOKS 

Chemoiherapmiic and Other Studies of Ty- 
phus. By M. Van den Ende, C. H. 
Stuart-Harris, F. Fulton and J. S. F. 
Niven, et al. Medical Research Council, 
Special Report Series No. 2.55. Pp. 246; 
11 ills. London: His Majesty’s Station- 
ery Office, 1946. Price, S3.65. 

A Laboratory Manual of Physiological Chem- 
istry. By Wilson D. Wright. 6th ed. 
Pp. 275. Baltimore: Williams & Wilkins, 
1947. Price, 82.50. 

The Story of Human Birth. By Alan Frank 
Guttmachbr, M.D. Pp. 224; 7 ills. New 
York: Penguin Books, 1947. Price, 80.25. 

A REPRINT of Dr. Guttmacher’s book entitled 
"Into This Universe." 

Ncue Wegc in dcr Diagnoslik vnd Therapie der 
Lucs. ByA. Rottman. Pp. 128. Vienna: 
Verlag Bruder Hollinek, 1946. Price, 
89.50. 

Chemotherapeutic and Other Studies of Typhus. 
Special Report Series No. 255. Price, 
83.65. 

Primeros Cuidados a un Accideniado. Por El 
Dr. L. Gubbrn Salisachs, Exprofessor 
A. por oposicion de la Facultad de Medi- 
cine de Barcelona. Complicadoncs de la 
obesidad. Por el Dr. Richard A. Faust. 
Diagnostico precos del carcinoma rdermo. 
Por el Dr. Joe Vincent Meigs. Indi- 
caciones y forma de aplicaddn de penidlina 
cn dcrmatologia. Por el Dr. M. Cas-ANO- 
VAS. Pp. 203; 65 ills. Barcelona: Colec- 
cion Espanola de Monografias lUddicas. 
Vol. 58, 1946. No price given. 
Comprcdotics Mcdvlarcs. Coleccion Espa- 
nola de Alonografias Mddicas. Vol. 55, 
Por el Dr. Ignacio de Glspert Cruz. 
Pp. 135; 39 ills. Barcelona: Edicione.s 
Ba'p, 1946. Price not given. 

Tratamicnlo Actual de la Sifdis. Colcccion 
Espafiola de ilonografias M^>dicas. Vols. 
.56-57. Por el Dr. Modesto Casanova.'?. 
Pp. 169. Barcelona: Edicioncs Bvp. 
1946. Price not given. 
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fHiiilr tlitf tniiihlia (•(Ki'fi'- ;«ir In ih’ niilnlinn 
ilarr.i itn n-dlr il'nliinh. I’iir MM’Hin; 
HAnuiT, I'Atonic (’ll iircinicr (!( ■. ilopitmix 
tie l’ivri>‘, IiitcriK' df la Mai-'in dc {‘Imri’ii- 
tini. I'p. I’ari-i, I.dni- AriK’ltc, MM'l. 
N'd price K'Veti, 

'I’iirec Itfrfik’’ l>y 1). DANtKi.oi’dl.r, IVofe-’-etir 
lie ('lini(|iie Ml/dienle a la I'aeiilte de 
Mt'dia'iiie de Bueare>t: 

/.< Sii*l!tnc .Wnttix tlr In Vu . 

l-TTc Afonoi;r.a[thte. Srhnnn .[uatnmn- 
Plni^wln^iqw tin iVv'.Vi/ic .Virmijr <!*• In 
I'lV r»>7(i/ue. rp.-M.’t; ir.'.ti!!'-. If'l t. 
VhjlnTif Parnyhilniii r! Mtilwlit-’'p>n- 
jlqur. I*p. 2x.'i; ',11 ill-, (n.d.), 
l.n Diijitnlr H Ir." StropKnrttlTu «. I’p. 20fi; 
■lOil'li. HUf., 

I’ari-: Mn— iiii I'f eie. No price- ijiveii. 

('htmnlhrrnp’j, Yr*!irdn;i, Toflnp tint! J'omor- 
nnr. The Liimere I/’ctiire I'JKi. By ?u: 
Ai.kxandku I'l.KMiNfi, I’p. .'(0; 2 ill-., 
'} fiR'. C’itiniiridKo: I’niver-ity I’re— ; N‘eu 
York: Maemillaii, lOKi. I’rice, 

Dirfrtorp of Mnlirnl S]»'nnU!<!.t Ifohttnijf ('ir^ 
liftcnilon hij Arnrrirnn linnnh. Vol. 111. 
Edited hy Paui. Titl’.’I, M.D., and 
ciatcs, Pp.8%. Chir.ayo; A. N. Mivniui-, 
1010, No price Riven. 

indudini; all the rhatiRi'- to d.ale ol 
tlic examinatioa rofiuircntonl- ot all Hoard-, 
thi’t .'Jrd edition contain’, '‘rnncli entircl.e nen 
bio(rmphic itiforniation.” 

TwnoTCs y Scwloiumorcx dr In Mnmn. Por el 
Dn. Jacinto AIohkno. Pp. I.'IO; 10 ill-. 
Bueno.- Aire.s: Lopez fi EtchcRoyen .^.B.L., 
1947. No price Riven. 

A nniF.c review of the iiathoIoKy, a di-ni.-- 
sion of the cIa<i.sifiratioii and a rather jiceiimbtic 
view of the thcrapeiitio po-iibilitie’i ha-ed on 
personal impre-'iions. 


/./I piifirmidnd dr HfMiiiir Hiurl: Srhnuinnnii. 

By St. .1, Lkitnki!. Coleccion E-jcmola 
de MonoRriifia- M(Vlic,a«, Vol-. .aO-C/). 
Pp. 210; 27 ill". Bnrrel^n.a: Eiiirione- 
Byji, HMO. Xo jirice Riveti. 

\ Irnn-lation of the fiernnn l.aii- 

cmc*. tn'>fiOf;ra(ih p'lhh-heil in liern. Switr’a- 
land, )!i ft i* on a «tn'l,v of l.'( c.a-e. 

and an exhan-tivc rr% iew of the literature, c-je- 
(nlly f.’ntoje-an. The rhniral at.'i rU-.jfaetorj 
a-(ier!- are parlmilarly «t!l covered. The 
•pie-iion of tnlwrniloii- or non-tide-renlo'f 
etioiocy 1- tinhia-e-lly ron-iden-i and left .a- 
tjndeeide’l. Tht* -mall volume pri-enl- a 
thiirouKh (-jverace of the rnhject. The ilhe- 
Iratinn- leave rail'll to In- de-in-l l(-'!itiiea!ly, 

NEW EDITION.'^ 

//on'/Lv)/; of Mtrro’cnpir (’hnrnrU ridic.r of 
7‘i>*iif.t anil Onjnn*. By KAtit, Stii.k.-, 
-M..''.. I’ll. I).. Profe-'Tir of Biolodra! .‘Sci- 
ence, .Mic!iit,’.nn St.oto Lolh’se. With an 
Inlrodnction by Mr.i.vts II. Kxicki.y. 
.’frd cd. Pp. 211; .22 ill". PhiLadeiiihia: 
Blaki-ton, 191(1. Price, $1.7.'>. 

Till- hntidUiok attempt- to -ep.arat'’ the 
•nhji’et matter ri-iiiirt-l for imnualiate ii-c from 
that ne-vled for referenre. It "i- de-icned to 
lie ii-ed i’iipplement.nr>’ to a rvjrnlar loxtliook 
of hi-toloo'. ... It tna.v l>e ti-ed a- a 
-yllnhii- with leetnre-. It ran la' ti-ed as a 
halximtory mainial. ... It li.a» proved it- 
Morth for piirj>o>c- of rcvictv to -tiidcnt- of 
pntiinloKy.'' 

Prinn'plr/! of A rtitiwl liinloyy. By A. Fit.vNK- 
I.IN .Snuu,, ]’rofc.-.'or of Zoologj-, Univer- 
.-ity of Michipui, in colkiborntion with 
Gkohok R. I-.AUUE and Ai.KXANm:ti G. 
Rutiivkn. Gfli cd. Pp. 42 .t; 305 ill-. 
New A'ork: McGraw Ilill, 1940. Price, 
$- 1 . 00 . 

Tins edition of a u-eful liook includes chance- 
that atres-s the modem preocenpation with 
function. 
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POST-EXERTIONAL ORTHOSTATIC HYPOTENSION 

By LuDT^TtG W. Eichna, M.D.* 

Steven M, Horvath, Pn.Df 

AND 

William B. Bean, M.D.t 

AHJfORED MEDICAL RESEARCH LABORATORV, FORT KNOX, KENTI7CKV 

ing’’”“erSvS^ after meale, 

P^HSical eftort is a familiar and consisted of exercise tests desirrnpH 

Lc JokF determine physical fitness. Two of the tests 

^ clinical picture of this Pack test and the treadmill test, were of 

&portkranIcheit”andMateefandPetroff8 exhausting type; the third the 

‘W Mateef® first described and studied enduring type* In 

lie orthostatic liypotension which is one k® subjects stripped to 

M Its circulatory aspects. Broadon and ®”d shoes, and carrying a pack 

Hnwp,r... A ^ muscular work, before that time. In the treadmill test « the 

Sni'ilFif'fc' ClTV\Hr»»>T<» 1 \ . ... ^ 


TTntlr ***V40V.t41<Al 

dealing with the 
still xxn^‘ hypotension are 

ofieotr'- 1 ^ studying the physiologic 

worwT «■* i" 

tolor-)! ^ kmits of their physical 
orthnsr?- ®”conntered post-excrtional 


3 . . wijauixiia Lest*'* tne 

subjects, similarly clothed but without pack 
ran on a motor-driven treadmill for 5 min- 
utes, unless forced by exhaustion to discon- 
tinue before that time. The speed of the 
treadmill was 7.5 miles per hour for the 
initial tests and 5.6 miles per hour for the 


nil , ' "^«moas, Tlie subjects were 5 mimifnc V rue required 

»"<lcZ£ (onlWed »'„rr^Sa«onI« ‘'f ““ 

hevfiDr) 1 ^ phase of militarv training bone twill f>nr * i uniforms of herring- 

fSrlSf, They Wrc, ther' S w"/ Sr./r’'* 

nil?' Juore fit than the usual nor- best tim! "’alk 32 miles in the 

__ »* «- p.rf„„„0d indoor. 
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74° F. 'I'lif hike %s<'rc *>n 

the ojK-n nmd in tlie iiiniienitcly \winn 
wentiier of Into ‘■priiiu. On coinplctiiii; the 
p:u'k and treadiniii t(“-t«, the men ^at down 
for .') minutes before j) 0 'turfil sindj,^ were 
Itesaiu. la tlio hike (<•>1' these studies were 
.started immediately after finishint; the 
march. 

Except after several of the hikes, when 
men chanced from the lyinc to erect (fK) de- 
cree) position hy their own effort, |K»sitioti 
was always chanced })as'ively hy mean' of 
n tilt table. The errrt position w.x' 70 de- 
crees erect with the weichl i-upjxirted by 
the leC', No attempt oas made to dimin- 
I'ii jKistural away or movement, other tlian 
rejK'.'ited admonitions to .stand .still. I’osi- 
tion was- ehnnced alternately from erect (70 
decrees) to flat and flat to erect (70 decret-s) 
at .■) minute intervals, except when .synrojx* 
shortened the time in the erect po-ition. 
While in each position the heart rate (by 
palpation or auscultation) and blood fircs- 
.snre (by anscullation, nsinc a mercnry ma- 
nometer) were simultaneously and reiK-atcdly 
determined, usually at -’10 to (iO i-ecorul 
intervals. At least one .set of detennin.ations 
III the flat and erect (70 decree) jiositions 
preceded an exercise test. Followinc exer- 
cise, nil subjects were observed tlirouch at 
least 2 erect periods, sci'aratcd by 1 in the 
supine, and thereafter tiiroiicii ns many 
chances of position as the individual cas-c 
required. In certain instancc.s re.spirntory 
rate.s, vital capacities, and eloctroc.ardio- 
crams were taken in each jiosition before 
and after exercise. 

In a number of subjccks the relationship 
hetween their jiostural rc.sponse.s after c.xcr- 
cisc and their cardiovn.sciilar labilitj' was 
studied bj* determining tlic clinnges in heart 
rate and blood pressure induced by several 
•stimuli administered in the control period: 
(a) posture test, change from supine to 
erect (70 degrees); (b) cold pressor test, 
immersing one forearm in ice water for 
2 minutes; (c) mental pressor test, requiring 
the subject to do arithmetical problems 
(multiply 3 digits by 2 digits) in liis head 
for a minutes; (d) exercise test, changes 
during the 5 minutes immediatelj’ on com- 
pletion of standard exercise. 

Results. The post-excrtional orthostatic 
responses are divided into 3 groups: syn- 
copal, abnormal and normal. The syncopal 


group iiuludc'- tliioc subjects who devel- 
oped syncope and were unable to remain 
cnx't for .'i minutes during either one or 
Ijotii of the 2 required erect {a>riods after 
exerei'-e. While erect, tlieir hiiKxl prc3- 
hxiuH wvTv iisiinily very low and their 
heart rates rajiid but collap'e rather than 
any level of blood prevsure or heart rate 
wfoi the criterion for inclusion in this c.ate- 
gory. When upright, t^.l•^e subjects de- 
veloped tlie typical .symjitoms anti signs 
of .syncope, either .singly or in varying 
eomhinations, and in varying intensity. 
.Almost tnvarialily pre.'cnt were marked 
fatigue, drow.sine.s-:, npprehensivencss, in- 
creasing disfsunfort, naiise;i, abdominal 
eramjis, lightheadedness and tiir.rine.ss, and 
the si’iisatioii of impending cfiliap'e. In 
the more severe instamx-?, <limtie.ss of 
vision progressing to tnhular vision and 
“ blaekoiit,” vomiting, disorientation, ina- 
hility to move tir obey (X)intn!iiul> even 
though hearing them progre-vsed to cx>m- 
plcte loss of eonseiiiiiMu-ss and enimpHng 
at the knee.', at which time the men were 
tilted flat. These symptoms were accom- 
panied hy various signs, yawning, <ieep 
hreutliing, increasing pallor leading to a 
pallid nshen cyanosis, jirofuse sweating, 
gn,sping rc.spiration, apprehensive restless- 
ness or li.stlc.s.sncss, a steadily falling blood 
pressure with very narrow pulse pressure, 
iniirkcdl.v decreased intensity of heart 
.sounds, and a rapid, weak pulse. Just 
before consciousness was lost, and the 
subject tilted supine, the Iieart in a mim- 
her of subjects slowed markedly. Once 
supine, all symptoms quickly improved or 
disappeared completely. For a short time 
immediately after becoming supine, a 
marked bradycardia and elevation of blood 
pressure were often encountered, but as 
the supine position was maintained both 
heart rate and blood pressure returned to 
normal. 

The abnormal group includes those sub- 
jects who were able to remain erect for 
the required 5 minutes during both of tlie 
post-excrtional erect periods, but who, dur- 
ing at least 1 of them, sustained a fall 
in systolic blood pressure to abnormally 
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low levels, here defined as 100 mm. Hg 
or less, provided that that level was at 
least 10 mm. Hg lower than the lowest 
pre-exercise, erect, systolic blood pressure. 
Many men developed symptoms and signs 
similar to those in the syncopal group. 
Usually they were more mild but in some 
instances they were so severe that the men 
were just able to remain erect for the re- 
quired 5 minutes. If the erect period had 
been further prolonged some men would 
surely have fainted. Others had no symp- 
toms though severely hypotensive. 

The normal group includes all of the 
others, men who remained erect after ex- 
ercise without symptoms and with systolic 
blood pressures above 100 mm. Hg. 


group, and for the same group order an 
increasing, but less striking, rise in heart 
rate. Syncope was most closely related 
to the systolic blood pressure and was 
most likely to occur when it fell to about 
80 mm. Hg. Pulse pressure bore less re- 
lationship to syncope: the pulse pressure 
for the abnormal group was as low, and 
even lower, than that for the syncopal 
group (second erect period, Table 1), 
Circulatory failure in the erect position 
was more marked, as a rule, in the second 
erect period, 15 to 20 minutes after the 
cessation of exercise, than in the first erect 
period, 5 to 10 minutes after work. This 
is indicated by the greater number of syn- 
copes and the greater fall in blood pressure 


Table 1.— Blood Pressure, Heart Rate akd Duration op Erect Posture After Acute 

Exhausting Work 

(The data for each group are averages of the final readings taken before position of subject was changed) 

First erect period Supine period (5 min.) Second erect period 


Blood pressure 
(mm. Hr) 


Blood pressure 
{mm. He) 


c 

.2 d 



Blood pressure 
(mm Hg) 


» c 
2 6 




Group 

Nn. subjccta 

0 


Normal . . 

. . 14 

5 0 

110 

Abnormal 

. . 10 

5 0 

103 

.Syncopal 

. . 0 

2 4 

*08 


S 

s 

en 

*3 

Heart 

(per 

Syst. 

o 

Pulse 

88 

31 

115 

117 

73 

44 

70 

27 

116 

117 

67 

SO 

-72 

•26 

•122 

118 

68 

.SO 


s 

2 S 

a 

Q 

Syst. 

■ 4 J 

S 

a 

Pulse 

Heart 

(per 

mo 

5.0 

114 

00 

24 

112 

105 

6.0 

05 

83 

12 

116 

108 

2.6 

(81 

t64 

tI7 

118 


• Average of the 4 subjects rrith obtainable blood pressure; blood pressure unobtainable in 5 subjects, 

t Average of the 5 subjects with obtainable blood pressure; blood pressure unobtainable in 4 subjects. 

} Average of the 6 subjects with obtainable blood pre.ssure; blood pressure unobtainable in 3 subjects. 

" Average of 8 subjects; pulse missing on 1 subject. 


Orthost.atic Hypotension Following 
.\ cuTE Exhausting Physical Work. 
Since the pack test and treadmill test 
both required essentially the same type of 
piiysical effort and produced very similar 
findings, the results of these 2 tests are 
combined into one analysis. 

Tt/pc of Bespome and Incidence. Of 33 
men subjected to acute exhausting physi- 
cal work approximately one-half (19 or 
•57.6%) developed post-exertional ortho- 
.static hypotension, with 9 (27.3%) in the 
syncopal group and 10 (30.3%) in the 
ahnonnal group (Table 1). Thus, every 
other man developed post-cxcrtional ortho- 
.sfatic liypotension and 1 man in 4 had 
syncope. Table 1 indicates the progressive 
fall in blood pressure fmm the normal 
thmiigh (he ahnonnal to the syncopal 


in the second erect period than in the first 
(Table 1). The similarity in blood pres- 
sures for all 3 groups when the subjects 
were supine indicates that the circulatory 
disturbance is apparent only in the erect 
position. 

Chart 1 indicates the response of a man 
in the normal group. Charts 2 and 3 are 
typical of 2 types of syncopal responses. 
In Chart 2 the hypotension and s.xTicope 
develop “immediately,” in the first erect 
period, but nevertheless, become more 
severe in subsequent upright periods. In 
Chart 3 the onset of hypotension and 
syncope are “delayed.” The first erect 
period is tolerated without difficulty and 
ndth sustained blood pre.ssures and heart 
rates. Hypotension and sjmeope develop 
in this second erect period and remain 
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Chaht 2. — Orthostatic hypotension with syncope follonanp; acute cxliaustinR exorcise. The liypO" 
tension and syncope develop during the first erect period after exercise and are still present 2 hours 
after cessation of effort. 
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severe thereafter. Usually tachycardia ac- 
companies the hypotension (Chart 2) but 
at times the heart slows just as collapse 
is about to occur (Chart 3). In 1 instance 
(Chart 3 at point X) sucli a cardiac slow- 
ing progressed to an sisystole of 19 seconds, 
with collapse of the subject."' 


sures. In another subject (Chart 2) ortho- 
static syncope still occurred almost 2 hours 
after the e.xercise. Three hours after work, 
the erect posture w^as tolerated for 5 min- 
utes, but the blood pressure was not yet 
normal. As a rule, there was recovery 
from sjmcope within 1 hour and from 



CiiAHT .S. -Orthostatic hypotension with syncope fotlowinp acute cxliaustinK exercise. The hypo- 
(ension imc! syncope are delayed in appearance and do not develop until the second erect period, folio w- 
iiiK ii first erect period which was tolerated without dilfieulty. Terminal bradye.ardia accompanied 
the hypotensive episodes. 


Dnrafton. The duration of the post- 
oxcvtional orthostatic hypotension varies 
hut it tends to persist for an nnexpectedly 
long time. Thus in 1 subject (Chart .3) 
orthostatic Itypotension with syncope was 
still present 1 hour after stopping work 
and it was not until 1 hour and 15 minutes 
after tlie exertion that he could remain 
erect for the required 5 minutes. Even 
then t!io hlood pressure had not yet re- 
lumed to nonuul but Huetnated widely, 
with low systolic and narrow pulse pres- 


hypotension (abnormal group) within 2 
hours. The progressive improvement of 
the orthostatic hypotension with time is 
indicated in Charts 2 and 3 by the increa.s- 
ing length of the .sncce.ssive erect periods 
before the development of hypotension 
and SNTicope. 

^ype of Subject. Tile physical charac- 
teristics of the subjects and their cardio- 
vascular responses to various stimuli gave 
little basis for predicting who would de- 
velop this s\mdrorae. There were but 
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ininitniil flifTt'ronrf.s in tiic pliysintl rimrac- 
teristirs of the snhjccts of the If f,wnjn 
(Tnhlc 2). 'I'he men in the syncopal pronp 
avern}:e<l slightly taller (2 inelies) anti 
heavier (12 pounds) than the men in the 
Jiormnl group. Tfiere were no significant 
dilTerences in the ages of the 2 groups. 
Physical fitne.ss. a.s determined hy fitne.ss 
test.s, was e.ssentinlly the same in alt If 
groups (Tahle 2). There were only slight 
differencc-s in the cardiovascular resimnses 
to stimuli. Perhaps the re,sponses in tlie 
syncopal group may he considered some- 
what more labile than those in the other 
2 groups (Table If). The most marked 


Thus, of sidijects who were in the synco- 
pal grotij) after the first test, only 1 re- 
mained in the syncopal group foliouing .a 
rejK-nt test; 2 moved into the abnonnal 
group and 2 into the tionnal group. .Sim- 
ilarly, of 7 sufjj'ecls in the af)nonna[ group 
after the first test, only If remained in the 
abnormal group following a repent te.'^t, 
while ■\ moved info the normal group. 
Ten men in the normal group on the first 
test remained in the nonnnl group on 
repent test.s. In all instances the physical 
fitness scores were not significantly differ- 
ent on rep<-at te.st.s from those on the 
initial test.s. 
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49 

77 
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43 

70 
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67 
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75 

83 
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• Two minutes of immersion of fortann in icfd water, 
t Five minutes of mrntaify jnuUipI>nni; 3 difiits bj' 2 dipit*. 
t Immediately on termination of pack test, fubiect seatM, 


differences lay in the higher pulse rates 
immediately after acute exhausting work 
and in the greater pressor response to the 
cold test in the sjmcopal group. 

The data suggest that post-exertional 
hypotension is more likely to occur in the 
tall, heavy subject svith habile cardio- 
vascular responses. The small number 
of subjects requires that this suggestion 
be taken with reservation. 

Repeat Tests. With repetition of the 
work on subsequent days there is a tend- 
ency for improvement, and even disap- 
pearance, of the post-exertional ortho- 
static hypotension and syncope (Chart 4). 


Mechanism of the Hypotension. Several 
simple observations indicated the major 
role played by the motionless, dependent 
lower extremities in the production of the 
hypotension. 

With the trunk still erect, raising the 
lower extremities to a horizontal position, 
so that the heels were on the same le\’e! 
as the buttocks materially raised the blood 
pressure (Chart 5). This maneuver did 
not, however, return the blood pressure to 
normal. A definite hypotension (abnor- 
mal group) still persisted but it was not 
so severe as to cause syncope. Sjmeope, 
however, promptly recurred when the legs 
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were lowered to the dependent position 
(Chart 5). Apparently the distribution of 
blood in both the splanchnic area and in 
the legs is responsible for the orthostatic 
hypotension and dependency of the lower 
extremities is critical to the production of 
the full effect. 


static hypotension promptly returned 
(Chart 6). 

When blood is prevented from flowing 
into the lower extremities of the upright 
subject, orthostatic hypotension does not 
occur; the blood pressure is sustained and 
a previously syncopal subject remains 



Chaut 4.— Disfippcarance of post-e\ortional orthostatic hypotension witli repetition of the inducing 
acute exhausting exercise. Marked orthostatic hypotension after tlie first test; normal blood pressure 
xvlicn erect after tlic tliird test. 


During the orthostatic hypotension, 
movement of the fully dependent legs, 
without the accomplishment of much addi- 
tional work, caused the blood pressure to 
rise from its low level to higher, and even 
normal, levels which were maintained as 
long as movement of the legs was con- 
tinued (Chart G). The movement of the 
legs here used consisted of bending the 
knee forward sufficiently for the heel to 
clear the foot board of the tilt table, the 
toe retaining contact with it. The legs 
were moved one at a time and alternately. 
^Mth cessation of their movement ortho- 


erect without difficulty (Chart 7). Just 
before the subject was tilted erect, the 
circulation to both legs was occluded by 
suddenly inflating, without venous stasis, 
blood pressure cuffs encircling both thighs. 
The cuffs were of standard 13 cm. width, 
backed by hearn' doth so that they did 
not balloon, and were inflated to 240 mm. 
Hg from pressure bottles. With the cuffs 
thus inflated orthostatic hypotension did 
not occur but it developed rapidly in pre- 
ceding and subsequent erect periods when 
the thigh cuffs were not inflated (Chart 7). 

Trapping as much blood as possible in 
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both lower extremities of n iioin'xerei.sed 
sul)j‘cct failed to prodiiee definite ortlio- 
sfntic iiypofeiisinn, nltliotigh some lf)Wer- 
iiift of the systoiie pn'smire ami narrowinp 
of the j)idse pressure did oeenr (Chart S). 
Hcaetive hyj)eremia was utilized to jiro- 
diice full dilatation of the vascular beds 
of the legs in which the bhmd was then 


eidfs were deflated to zero, permitting 
ai’eumulation of blood in the dilated 
vascular beds of the leys under the in- 
fliienee of yravity alone; in the second 
instance they were deflatcfi to .'/) mm, 
Hy, trappiny the blood under the in- 
fluence of this* resistiny barrier as well 
as yravity. Chart S shows the marked 



Cjurt 5.— Improvement in tlie jmst-e'ccrtional ortliohtntic liypotension wtion t!ic loss are rnired 
to a horizontal position at tiie level of the pelvis. (Indicated by diacram at top of sitting column.) 


trapped. With the subject flat, blood 
pressure cuffs about botli upper tliiglis 
were inflated to 240 mm. Hg occluding 
tbe circulation to both legs. After 10 min- 
utes the subject was - tilted erect and 
1 minute later both cuffs were deflated 
producing marked hyperemia of the de- 
pendent legs. In the first instance the 


drop in blood jjrcssure immediately at the 
Onset of reacti't'c hyperemia and tlien tbe 
Spontaneous and rapid recovery to a 
higher level, presumably as a result of 
vasoconstriction of otlicr vascular areas of 
the body. The subject then remained 
erect without symptoms, in spite of the 
pooling in the legs of presumably- as much 
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blood as their vascular beds would hold. 
This subject developed orthostatic hypo- 
tension following the pack test. 

Orthostatic Hypotension Following 
Prolonged Enduring Physical Effort. 
Limited observations made after the com- 
pletion of long-sustained physical work of 
lower energy expenditure indicated that 


tional orthostatic liypotension ; 5 men 
(20.8%) were in the syncopal group and 
8 men (33.3%) in the abnormal group 
(Table 4, Chart 9). This incidence is 
similar to that after acute e.xhausting 
exertion. After the hike test, the second 
erect period was omitted except in those 
subjects who developed hypotension dur- 
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fitAtiT (i. -Itnprovcnicnf in the post-cxertional orthostatic hypotension when the dopenHent 

IcRs arc moTnnK. 


post-exertional orthostatic hypotension oc- 
curs after this type of work as well as 
after acute e.xhausting physical effort. 
The 32 mile hike was attempted by 24 
men; 22 finElied, 2 dropped out after 
2S niile.s. The rc.sponses of these 2 men 
arc grouped with the others. Of the 
24 men, 13 (54.2%) developed post-exer- 


ing the first erect period and it is possible 
that late developing hypotensions were 
missed. 

The orthostatic hypotension induced 
by prolonged enduring work was very 
similar to that after acute exhausting work. 
Its development bore no relationship to 
the height, weight or age of the subjects 
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(Tnhio 4) or to tlioir pliysiral fitness ns 
fleterniincd l)y fitness tests luui their gen- 
eral work perforinanee. As after acute 
cxlianstinp work, tlie orthostatic liypotcn- 
sion followinp the enchirnncc hike often 
persisted for a lonn time. Usually the 
ability to remain erect, with a sustained 


blood pressiire and without symptoms, re- 
turned in 1 to 2 hours after stopping work 
(Chart fl). In 1 instance, orthostatic hyjx)- 
fension was still pre«ent after a night’s 
sleep, 12 hours after finishing the hike, 
and it was not until 10 hours after the 
hike that the erect posture conlrl be main- 
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Chart 7. — Prevention of post-excrtional orthostatic hypotension by excluding the circulation to 
the, dependent legs. Just before the subject is tilted erect the cuffs about the thighs are inflated to 
240 mm. Hg. 
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tained for 5 minutes. Even then the blood 
pressure was abnormal (Table 5). This 
subject also developed orthostatic hypo- 
tension after the pack test. 


tered orthostatic syncope in 17 (17 %) of 
100 aviation cadets who had run to ex- 
haustion on a treadmill. In all of these 
studies, including the present one, the 


Table 6,~Persistence or Post-exertional ORTHOSTATit: Hypotension in a Subject 
Following an Endurance Hike (32 Miles) 


Blood pressure 
subject erect (70®) 

Time (mm. Hg) 

Before hike 114/92 

1 hour after hike Unobtainable 

12 hours after hike (next morning) . . Unobtainable 

10 hours after hike ...... 100/92 


Heart Duration of 
rate erect 

(per, min.) posture 
117 5 min. 

138 2 min. 

138 3 min. 

120 S min. 


Remarks 
No symptoms 
Syncope 
Syncope 
Feels all right 



Chart 8.— Failure to produce orthostatic hypotension by trapping ina.ximuin amounts of blood in 
the dependent legs. Reactive hyperemia was used to induce maximal dilatation of the vascular beds 
of the legs and gravity plus venous occlusion to trap the blood in the dilated vessels. 


Discussion. Combining the data fol- 
lowing acute exhausting and prolonged 
enduring work into a group of 57 tests, 
post-exertional bj’potension with s^mcope 
occurred in 14 (25%) and hypotension 
without syncope in IS (32 %). This agrees 
with the findings of other investigators. 
In a group of 50 students jMayerson'® re- 
ported post-exertional ortliostatic syncope 
in 17 (34%) and “ poor response” in 10 
(20%). Allen, Taylor and Halh encoun- 


subjects have been healthy, young adult 
males, at times in especially good physical 
condition (athletes). One can only guess 
that the incidence in older age groups 
might be considerably higher, and the 
inducing physical effort less severe. 

The erect position used in this study 
tends to minimize the incidence of ortho- 
static circulatorj-- insufficiency: (a) the 
erect periods were maintained for only 
5 minutes; others have required 10 to 
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20 miiuitcs, and (b) the body weight was 
borne l)y the legs, permitting nnisele lonns 
to aid in llie venous return from (he legs; 
others have eliminated this by snpj)ortijig 
the body from the jH'lvis or shoidders. 
t^ince the erect man normidly supports 
his weight on his feet, it was felt that 
observations performed in this manner 
would come nearer to re])rodueing the 
conditions under which this syndrome 
might occur in everyday life. 


exjdanation an inadequate return of blood 
to the heart. The beneficial cfTects result- 
ing from elevating the legs while the trunk 
remains erect, moving the legs when they 
arc <lepcndent, aiul excluding the eircula- 
(ion from the dependent legs, all .suggest 
that the circulation in the lower extremi- 
ties is at faidt and resj)onsible for the 
decreased venous return. The question 
is the nature of this circulatory faidt. 

'I'wo ))ossibilities present themselves: 



Chart 9. — Orthostatic hypotension Avitli syncope followina moderate work of Iona duration 

(32 mile hike). 


The failure to establish a clear-cut rela- 
tionship between post-exertional ortho- 
static hypotension and bodily configura- 
tion, tests of cardiovascular lability, or 
physical fitness gives, at present, no basis 
for predicting who will develop hypoten- 
sion after physical effort. It can, how- 
ever, he prevented by training, through 
repetition of the inducing physical work. 

The present study does not explain com- 
pletely the mechanism which permits the 
development of orthostatic hypotension 
after exertion, but suggests as a plausible 


(o) marked vasodilatation of the ^•ascular 
tree of the legs and (6) failure of the mus- 
cular venopressor mechanism in the legs. 
The first of these assumes such a marked 
dilatation (exercise induced) of the vascu- 
lar tree of the legs that the total vascular 
bed of the bodj' is now disproportionately 
greater than the blood volume available 
to fill it at a normal pressure. The vascu- 
lar tree of legs would contain an excessive 
amount of blood which would be flowing. 
The second possibility assumes that such 
a vasodilatation is not by itself capable 
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of producing the hypotension, as long as 
blood flow through the legs persists, and 
suggests that the blood in the legs has 
become stagnant through the failure of 
the muscular venopressor mechanism to 
move it onward and upward. The blood 
in the legs would be relatively non-mov- 
ing. Since both mechanisms would reduce 
the amount of blood at heart level and 
induce hypotension, it may be considered 
an academic point to chose between them. 
Nevertheless, several observations suggest 
that failure of the venopressor mechanism 
may be a more critical factor than exten- 
sive vasodilatation. These are: (a) the 
delayed development of orthostatic hypo- 
tension in some subjects who stand without 
difiiculty in the first erect period, when 
vasodilatation is greatest, and then de- 
velop hypotension in subsequent stands 
when vasodilatation is presumably dimin- 
ishing (Chart 3); (6) the persistence of 
the orthostatic hypotension for long peri- 
ods (several hours) after cessation of ex- 
ertion, when the vascular dilatation may 
be considered to have largely passed off 
(Charts 2 and 3); (c) the recovery of the 
blood pressure from hypotensive toward 
normal levels when the dependent legs are 
moved without significant additional work 
(Chart 6); and (d) the failure to induce a 
similar hypotension and syncope when 
maximum amounts of blood are trapped 
in the dependent legs of erect but non- 
exercised subjects, who develop orthostatic 
hypotension after exercise (Chart 8). In 
this Inst instance, the large blood mass in 
the legs is presumably still moved forward 
by the unaltered muscular venopressor 
mechanism of non-exercised legs. IMiile 
the above observations suggest that a re- 
duced muscular tonus with a depressed 
venopressor mechanism in the legs plays 
the major role in the hypotension, this 
point has not been substantiated by direct 
experimentation. Neither has the degree 
of vasodilatation in the legs been measured. 

This study, and similar ones in the 
literature, have all dealt with work per- 
formed eitiier largely or wholly by the 
lower extremities. The critical, parallel 


observations following work of the upper 
extremities alone have yet to be carried 
out. 

It is desirable to point out again that 
post-exertional orthostatic hypotension is 
not limited to acute exhausting effort and 
that it occurs with almost equal frequency, 
and with similar physiologic changes, after 
prolonged effort at a lower work rate. 
This, together wdth the striking persistence 
of the orthostatic hypotension for long 
periods after cessation of work may be of 
significance to clinical medicine in an 
understanding of the collapse states, and 
even death, which are encountered after 
physical effort.^ If healthy, young men 
can develop circulatory failure while erect 
after exercise, one may guess that similar 
circulatory changes are not only likely in 
the older age groups, but that they may 
be more readily induced, more severe in 
their manifestations and capable of serious 
consequences. The effects of physical 
effort in the older age groups, and the rela- 
tionship of the changes thereby induced to 
subsequent disability appears to be a 
fertile field for study. 

Summary. 1. Orthostatic hypotension 
developed in approximately one-half of 
normal young men following vigorous exer- 
cise of the lower extremities. It followed 
prolonged moderate work as well as acute 
exhausting effort. 

2. In one-half of those w'ho developed 
orthostatic hypotension (one-fourth of all 
subjects) the hypotension was so severe 
that syncope resulted. 

3. The orthostatic hypotension often 
persists for long periods, over 1 hour, after 
cessation of the inducing physical effort. 

4. The causative factor appears to be a 
pooling of blood in the dependent lorver 
extremities, presumably due to failure of 
the muscular venopressor mechanism in 
the legs, plus a work induced dilatation of 
their vascular beds. 

o. During the orthostatic hypotension, 
maneuvers which move blood out of the 
lower extremities, or exclude blood from 
them, relieve the hypotension. 
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In a recent paper, Duboff and Hirshfeld^ 
reported studies on the tyrosinase-inhibit- 
ing action of the serum of cancer patients. 
Using a system of crude potato tyrosinase, 
0.001 M 1-tyrosine, and 0.5 ml. of serum 
in a phosphate buffer, they determined 
the rate of color development. They re- 
ported that 89% of 140 cases of proven 
active malignant neoplastic disease show- 
ed an inhibition of color development equal 
to or greater than 15% when compared 
to controls without serum. In 117 normal 
subjects only 3, and in 68 cases ^vith mis- 
cellaneous clinical conditions other than 
known cancer only 9 caused an inhibition 
greater than 15 %. 

On the basis of these findings, Duboff 
and Hirshfeld concluded that an inhibition 
greater than 15% in color development 
of their tyrosinase system is abnormal, 
and they discussed the possibility of using 
the inhibition of tyrosinase actiAuty as a 
basis for a scrodiagnostic test for cancer. 
In ^dew of its obvious importance, the 
subject was studied in this laboratory 
using techniques which, so far as we are 
aware, were precisely similar (with minor 
e.vccptions which are noted) to the tech- 
niques used by Duboff and Hirshfeld. 

Chemistry of Tyrosinase Action. 
The reactions of tyrosine in the presence 
of tyrosinase have been studii d by Raper 
rl aL--^ and recently reviewed by Nelson 
and Dawson.® Tyrosine is first oxidized 
to dihydroxyphenylalanine (DOPA). This 
step is not reversible. The colorless 
DOPA is then oxidized to DOPA-quinone. 


Reducing substances such as ascorbic acid, 
glutathione, cysteine and thiouraciP'^'^ re- 
duce DOPA-quinone to DOPA and thus 
block the further oxidation to pink halo- 
chrome. In the absence of a reducing 
agent, the DOPA-quinone is oxidized and 
undergoes an internal rearrangement to a 
colorless leukobody. This is then oxidized 
to a pink quinone, halochrome. Halo- 
chrome undergoes an internal rearrange- 
ment to a colorless compound and is 
further oxidized to melanin. Tyrosinase 
is necessary for the formation of DOPA 
and hence halochrome but not for the 
formation of melanin.® 

Methods. Preyaraiion of Crude Tijrosinasc. 
Two types of potatoes, “new” and “Idaho 
Russet” potatoes, were used. No difference 
between their action was observed. The}' 
were washed thoroughly in tap water, dis- 
tilled water and then peeled. The outer 
part of the potatoes was grated and the mash 
was squeezed through cheese-cloth. The 
fluid was centrifuged at 3000 to 3500 r.p.m. 
for 10 minutes. The supernatant was mixed 
with celite and then filtered through No. 5 
Whatman paper. These procedures were 
performed in a cold room kept at 4° C. The 
use of celite as a filter aid was not part of 
the Duboff-Hirshfeld method. However, 
control experiments using tyrosinase pre- 
pared with and without celite showed no 
essential difference in their reaction with 
3 normal and 3 cancer sera. 

Colkdion of the Scrum. Blood was drawn 
2 to 3 hours before the experiment. The 
blood was kept at room temperature for 15 
to 30 minutes. The clot was rimmed and 


* Tho irork reported in this paper was aided by a special prant from the University of Pennevh-ania 
UO^pjtAi. 
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the tube ccntrifupcd nt 3000 r.p.in. for 
10 minutes. Tlie .serum wn.s pipetted off 
into n clenn tube nnd kei)t nt ‘1° C. until 
used. 

Soludons. M/l.o .sodium pbospimte buffer 
of pll 7 to 7.05 wns preimred; 0.001 M 1-tyro- 
.sine in M/lo pbospimte solution wns frc.«bly 
prejiared every 4 to 5 dnjvs nnd koiit nt 4° C. 
when not used. 

Prrparadnn of Poltilo TiiroxitKint' for 
Standard Text. Five ml. of 0.001 M 1-tyro- 
sine, 0.") ml. of ])bo.spbntc bulTcr and 0.5 
ml. of ])otato juice filtrate were mixed in 
a Klctt-Summerson tube and stirred with 
a footed stirrer. A rcadiiiK was made 
immediately in a Klctt-Summerson pboto- 
clcctric colorimeter (preen fdter No. 54). 
Fifteen minutes later, another rcadinp 
was made. The potato juice was then 
diluted with bufTer to the tyrosinase activ- 
ity recommended by DubolT and Hirsb- 
feld viz. one which produces a color devel- 
opment pivinp a ebanpe of about O.G Ivlett 
scale units per minvitc. 

Dctmniuadon uf the Arliriln of Tyroxiu- 
asc-tyrosiur Syxlnn in thr Prrxrnrr of 
Scrum. Three pairs of Klett colorimeter 
tubes were set up as follows : 

Pair 

No. 

Conilant Components 

1 ..50 ml. 0.001 M l-tyrosinc 

0 5 ml. stniidnrd potato juice 

2 . Same as 1 

3 . . Same as 1 

Variable Components 

1 . . .05 ml. phosphate huficr 

2 ..05 ml. normal scrum 

3 . . .05 ml. cancerous serum 

The tubes were examined seriatim as fol- 
lows: The serum or phosphate bufTer was 
added to the tyrosine and was imme- 
diately followed by the standardized 
potato juice. The mixture was stirred 
and read (usually t\dthin 0.5 minute) in 
the colorimeter. Readings were made 
every 2 minutes for 5 readings and then 
every 5 minutes for a total of 30 minutes, 
the times being noted to the nearest 
10 seconds. 

In the early part of the investigation, 
the solutions were mixed in the dark and 


immediately placed in an illuminated bath 
for color development in accordance with 
the original description of Duboff anrl 
Ilirshfcld. Later this operation was dis- 
continued as unnecessary, an experience 
in accord witii that of Duboff ami Hirsh- 
fcld (personal communication). 

Calridation of Tt/rosinasr Artirity. The 
changes of the scale readings of the color- 
iter were plotted against time. The re- 
sultant curve usually showed characteris- 
tics illustrated in Figure 1, riz., (1) a lag 
phase during the initial 8 to 12 minutes. 
This is characterized by either no change 
in reading or a decrease indicating a 
diminution of the color, which was always 
initially present in the reaction mixture. 
(2) An artirity phase characterized by a 
rectilinear clumgc in colorimetric read- 
ings indicating constant rate of color 
production. 

On the basis of these curves, the inhibi- 
tion of tyrosinase activity wns calculated 
by 3 methods: (1) That of Did)ofT and 
Hirshfcld. The time at which the control 
tube showed an increase of color of 12 Klett 
scale units was noted. The increase of 
reading (R) in the .sernm containing tubes 
nt this time was also recorded. The per- 
centage inhibition wns calculated as fol- 
R - 12 

lows: 100 X . Bv this convention 

12 

inhibition is negative in sign. (2) The 
second datum wns the lag jdia.xr, i. c., time 
between the initial reading and the begin- 
ning of the constant increase in color for- 
mation. .‘Vs a rule this could be estimated 
within 1 minute. (3) The aclirity phase 
was quantitated by calculating the activ- 
ity of color development from the slope 
of the line in colorimetric scale units per 
minute. The result was expressed in per- 
centage increase or decrease from the rate 
of the control tube without serum, viz., 

Acti\'if j’ in tlie scrum tube 

; X 100 

Activity in the control tube 

Results. The sera of 24 cases of neo- 
plastic disease and of 24 non-cancerous 
controls were examined. The diagnosis of 
neoplastic disease was established beyond 
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reasonable doubt in each case by either 
biopsy, operative report, or autopsy in 
addition to the clinical findings. The 
non-cancerous cases were patients suffer- 
ing from miscellaneous ailments which 
had been definitely diagnosed as non- 
cancerous. In addition a number of nor- 
mal subjects were tested. 

The data are given in Table 1. In 
most cases duplicate determinations were 
done and the mean values were used for 
the purposes of the summary. Statistical 
calculation of the means the standard 
error of the means for both series shows 
that there is no significant difference be- 
tween the two. 


scale units. In the determination of the 
inhibition, this error in the initial reading 
is equivalent to an error of =1=16%. This 
conclusion is borne out by a calculation 
from the data of the entire series of the 
standard error of the mean of duplicate 
determinations on a single serum. For 
Method 1 (see table) it is about 15 % and 
for Method 3 it is 7 %. The latter method 
is somewhat more reliable, but both would 
require differences of 20 to 45 % of inhibi- 
tion between 2 sera to exist before anj' 
significance could be attached to the 
difference. 

Another series of 13 cancer and 18 non- 
cancerous sera were examined using 2 


A 



Fig. 1. Typirnl nirvc of color development in a tjTosinase-tyrosine Fpriim py.stcm showinR (o) lap; 

phase and (6) activity phase. 


Method 1, that advocated by Duboff 
and Hirshfeld for the measurement of 
tjTOsinase activity, suffers from a serious 
technical difficulty. During the initial 2 
to 4 minutes of the lag phase, rapid de- 
crease of the intensity of color, as measured 
by the Klett colorimeter, was frequently 
observed. This abnipt change of the color 
intensity was noted in the tubes contain- 
ing buffer as well as those with sera. 
Hence this decrease in color could not be 
attributed solely to a constituent of the 
sera. Because of the rapidly changing 
color intensity, the initial reading was not 
considered reliable to within =^=2 Klett 


modifications; (1) The initial reading 
was taken 10 minutes after the compo- 
nents of the .system had been mi.xed. (2) 
Potato juice of varying tyrosinase activity 
was used. The inhibition exceeded 15% 
in 5 of the 13 cancer sera and in 5 of the 
IS non-cancerous sera. Method 3 was 
used in these calculations. The results 
are presented in Table 2. Variations in 
the strength of the potato juice did not 
significantly alter the inhibition. In this 
series, as in the first series, there is no 
significant difference between the can- 
cerous and the non-cancerous sera with 
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respect to tyrosiniisc inhibition, as shown 

shows that there is no relation between 

by inspection and statistical analysis. 

tlic inhibition hv scrum of the tyrosinase 

Discussion. The 

application of simple 

activity as 

measured by any of the .3 

statistical methods 

to the evaluation of 

methods outlined and the c.anccrous state. 

the data in both of these series of cases 

We have no 

explanation for the striking 

TAni.r,' 1.— 

Tvhosi.st. iNiiiniTioN iiv 

C.sNcnnoi's .\st) 

NoN-CASernouB Sr.iiA 


Method 1 

Method 2 

Mclho<l 3 

Type of 

(%) 

(min.) 

(%) 

Cancer: 




Tonpie . . . . 

-10, -42 

2. 4 

-42, +17 


-33, -.SS 

0.8 

-22, -32 

Ijip 

+ 12, -12 

R, 0 

-14, -10 

Colon . . . . 

+ S. - 4 

4. 4 

+ 11, 0 

Rectum . 

+ 8 

0 

— 7 


-42. + K 

4. 3 

-10. + s 

Ufcnis 

- R, + S 

2, 4 

-10. - 8 

Cervix 

-IT, - R 

2. 2 

0. -12 


-10, - 4 

6. 8 

- 3,-17 

Bladder . 

-12. + R 

4. 0 

- 4, 0 


+ 20. - R 

0. 0 

+40, +33 


-.3,'i. -30 

3. 3 

-IS. -13 

Urethr.a 

-50. -51 

8, 0 

+ 11, -10 

Prostate .... 

-25 

8 

-11 

Kidney .... 

0, 0 

9, 9 

-13, -18 

Luna ... 

0. -13 

3.4 

+ 5. 0 


- s, + .s 

0, 5 

-24, -19 


-17. -25 

5, 10 

-25. -14 


- S. -25 

2 2 

-24, -27 

Breast .... 

+ S. -33 

L 2 

-4,-4 


+ 4, - 4 

2.4 

0. + 8 


- S. + 8 

0. 2 

-11. -18 

Leukemia: 




Myeloid 

-25, -2.'i 

4. 3 

- 7, 0 

Lymphoid 

0, -33 

0, 2 

-5,-2 

Mean 

-13 4 * 3.3 (S.B.M.) 

4 2 *0.0(S.E.M.) -7 1 ± 2.7 (S.E.M.) 

Non-cancer: 




Normal 

-70. -50 

4. 2 

-26. -20 

Cyst of nock 

-46, -33 

3. 2 

-17, - 8 

Arthritis . 

0,-4 

2, 4 

+ 3. 0 

Syphilis 

+ 10, + 8 

2, 2 

-17. -12 

Thrombocytopenia 

-42, 0 

7, 0 

-15, - 3 

Coronary thrombosis 

+ 17, +25 

4, 3 

0. -13 

Arteriosclerosis . 

+ 8. +25 

10. 4 

0, 0 

Appendicitis 

-25, +33 

0. 0 

- 7. + 6 

Ulcerative colitis 

-25 

0 

-33 

Hepatitis 

-37, -10 

3. 4 

- 7,-12 

Cholecystitis 

-12, -29 

4, 5 

-12, -11 

Cholelythiasis 

-25, -40 

5. 4 

-16, -33 

Urethral stricture . 

-29 

0 

+ 18 

Prostatio hiTJert. 

-35, -38 

0. 15 

-36. -20 

Tbo. of scrotum 

+ 4, 0 

0. 0 

+ 10, - S 

Tbo. of bone 

-46, +21 

0, 6 

-14, -14 

Hernia 

-75, -40 

3, 5 

-43, -44 


-3S, -46 

7. 12 

-17, - 8 

Cj'stocele 

-58, -12 

2.0 

-10, -33 


-10. +12 

2. 0 

-16. -14 

Cervicitis 

-8,-8 

4, 2 

-10, - 8 


- 4, -33 

0, 4 

-17, 0 


-29, - 8 

2,2 

-18, -16 

Fracture 

+75, +42 

0. 0 

+44, +20 

Mean 

-16.3 ±5.4(S.E.M.) 

3.0 ±0.5 (S.E.M.) -11 0 ± 3 2 (S.E.M.) 


standard error, duplicate determinations; Method 1. 14%; Method 3, 7%. 
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disparity between our results and those 
of Duboff and Hirshfeld. 

However, it was found that some sera 
did alter the tyrosinase activity of the 
system in 2 respects; (1) an increase, 
though very variable, in the time of the 
lag phase, and (2) a decrease, sometimes 
large, of the rate of color production dur- 
ing the aciive phase. In an attempt to 
obtain information about these aspects 
some experiments were done, initiated by 
the observations of Nelson and Dawson.® 
They reported that in a tyrosinase-tyro- 
sine system containing ascorbic acid the 
DOPA quinone formed was reduced as 


1 uM of glutathione decolorizes the cus- 
tomary pink initial color of the potato 
tyrosinase and in addition prevented new 
color formation for over an hour. With 
0.5 uhl of ascorbic acid or 0.05 uM of 
glutathione a more limited cessation of 
color formation was observed. After a 
delay period of about 20 minutes, the color 
formation started abruptly and its rate 
usually exceeded that of the control. It 
was observed, however, that 0.1 uM of 
ascorbic acid had no influence on the 
tyrosinase-tyrosine system. This is the 
amount roughly equal to the average 
amount of ascorbic acid in the 0.5 ml. of 


Table 2. — Tybobinabe Inhibition by Canceiioub and Non-canceroub Sera 

(Method 3) 


% change Irom control 
Typo of case rate (activity phase) 


Cancer of: 


Face .... 

. - 7 

Tongue . . . 

. -18 

Palate .... 

. -12 

Stomach . 

. -20 


-15 

Liver .... 

. -10 

Rectum . . . 

. -22 

Bladder . . 

0 

Prostate . . . 

. - 8 

Lung .... 

. -16 


-12 

Mediastinal sarcoma 

. -13 

Hodgkin’s disease . 

. -14 

Mean .... 

. -12 


soon as formed by the ascorbic acid. 
Hence there was no color 'development. 
Wien the ascorbic acid Avas all oxidized, 
color development promptly began and 
continued at a rate comparable to controls 
to which no ascorbic acid has been added. 
Gluthathione^ has also been reported to 
inhibit tjTosinase activity in a similar 
fashion. 

This phenomenon is paralleled by our 
observations with senim and it is con- 
ceivable that the variations in the lag 
phase could be e.xplained by assuming 
variable concentrations of reducing sub- 
.stanccs in the sera. We obser\'ed that 
the addition of 5 ul\l of ascorbic acid or 


% change from control 
Type of case rate (activity phase) 

Normal —11 

-11 

- 7 

- 7 
-14 
-11 
-19 
-24 
-12 
-13 

Simple fracture ... — 8 

Infected finger . . . —12 

Urethral stricture . — 20 

Hemorrhoids ... — 3 

Glaucoma .... —10 

Coronarj' tljrombosis . — 18 

Non-toxic goiter . . — 2 

Fibromyoma uteri . . —27 

Mean -12 7 * 1 6 (S.E.M.) 

the human serum used for the test. Hence 
the effective amount of ascorbic acid 
needed to inhibit the system is greater 
than the usual blood concentration. Con- 
firmation of this conclusion was obtained 
in the following experiment. The sera of 
2 normal indit'iduals tvere tested before 
and after the ingestion of 1 gm. of ascorbic 
acid. No significant differences were ob- 
served in either the lag or activity phase 
of the preprandial or postprandial sera 
when tested vdth the t\Tosinase system. 

However, 0.05 uiM of glutathione added 
to the assay system did cause a significant 
increase in the delay phase. The amount 
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is roughly one-third of that usually found 
in 0.5 nil. of normal serum. 

These experiments suggest the possi- 
bility that variations of reducing sub- 
stances, such as glutathione, might be 
responsible for the increase in the delay 
phase. But the variations in the adieity 
phase remained une.xplaincd, for neither 
ascorbic acid nor glutathione produced 
any decrease, but rather an increase in this 
activity of the tyrosine-tjTOsinase system. 

Summary. 1. The suggested scrodiag- 
nostic test for malignancy based upon the 
tyrosinase inhibiting aetion of serum from 
e.ancerous patients, reported by DubofT 
and Hirshfeld, ivas studied. 


2. The characteristic effect of serum 
upon the development of color of a 1-tjTo- 
sine, potato-tjTOsinasc system could be 
divided into 2 parts, viz., a lag phase and 
an aelivUy phase. On this basis the effeet 
of serum could be expressed in 3 ways, 
1 of which is identical with that used by 
DubofT and Hirshfeld. 

3. No significant differences were ob- 
served between the effects of sera from 
37 cancerous and 42 non-cancerous sub- 
jects on the tyrosinase system, and we 
conclude that the test has no serodiag- 
nostic value in malignancy. The dispar- 
ity between our results and those of 
DubofT and Hirshfeld remain unexplained. 
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This report presents the clinical results, 
the serologic data and the changes in the 
spinal fluid in 141 patients with neuro- 
syphilis treated with penicillin. These 
patients have been followed from 6 to 19 
months. The principal factors which are 
known to influence the treatment of neuro- 
syphilis, such as the duration and severity 
of the disease, the degree of spinal fluid 
abnormality, and the dosage of penicillin, 
are analyzed. 

M aterial and Procedures. All of the 141 
patients in this series have been treated and 
observed in this clinic. Of these, 83 were 
male and 58 female; 51. were wdiite and 
90 were Negro. The diagnoses of these cases 
at the onset of treatment were’. 

Acute meningitis 4 

Early asymptomatic nourosyphilis . . 19 

Late asymptomatic neurosyphilis . 74 

Congenital asymptomatic ncurosypliilis . 5 

Meningovascular syphilis 26 

Tabes dorsalis 4 

Paresis 7 

Optic atrophy 2 

The group of patients diagnosed as having 
meningovascular neurosyplnlis consisted 
cliiefly of those with pupillary abnormalities, 
hemiplegias or cranial nerve lesions. Four 
of the patients in this group had other man- 
ifestations of syphilis, such as transverse 
myelitis, eighth nerve deafness, and men- 
ingomyelitis. 

Before beginning treatment, a complete 
history was taken on each patient and a 
physical examination, including a neurologic 
and mental status evaluation, was done. 
Quantitative serologic tests and spinal fluid 
examinations were also made at this time. 
Coll counts on the spinal fluid were done 


within an hour after the spinal fluid was 
taken. Quantitative spinal fluid protein 
determinations were made by electrophoto- 
metric measurement of the turbidity pro- 
duced on the addition of 4 cc. of 3% sulfo- 
salicylic acid to 1 cc. of spinal fluid. The 
turbidity reading was then compared wdth 
that of a known standard protein solution 
and the level of the spinal fluid protein was 
determined. Micro-Kjeldahl determinations 
of the spinal fluid protein were done as a 
check on the electrophotometer method in 
several patients in whom the protein level 
was elevated one j-’ear after treatment. In 
each of these cases the elevated protein 
determination of the electrophotometer was 
confirmed. The Kolmer complement fixa- 
tion test was done with serial dilutions of 
spinal fluid from .0312 to .5 cc. Colloidai 
tests were done with mastic solution. The 
quantitative Kahn test was used on all 
blood specimens. 

At the "onset of treatment, the spinal 
fluid in 81 of the 141 patients in this series 
showed a definite increase in both cells 
and protein, in addition to a positive 
Wassermann reaction. In these 81 cases, 
the cell count was greater than 10 per 
cu. mm., the protein more than 45 mgm. 
%, and the Kolmer was usually positive 
with less than .25 cc. of spinal fluid. This 
tjqie of fluid conforms with the Group 3 
classification of Moore.^ The spinal fluids 
of 54 patients showed an elevation of either 
cells or protein, in addition to a positive 
AVassermann, and these were classified as 
Group 2. The remaining 6 patients had 
inactive Group 2 fluids with a positive 


1 lie iX!maUtn was pro^^dcd iiy the Office of Scientific Research and Development from supplies 
assigned by the Committee on Medical Research for clinical investigations recommended bv the 
Oomimttoo on Chemotherapeutic and Other Agents of the National Research Council, 
c are indebted to Miss Jeanne Pettay, for performing the spinal fluid tests. 
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AVassermsinn, but with nonnnl cells, pro- 
tein and inasfic. 

At the beginning of this study, a total 
dose of 1.2 million units of penicillin was 
used in each patient. This dose was later 
increased to 2 to 3 million units. Sodium 
Iienicillin was dissolved in isotonic salt 
.solution and given in equally divided doses 
intramuscularly every 3 hours. .At jmes- 
eut, we are using a total dose of -1 million 
units of jienieillin in doses of .50,000 units 
every 3 hours for 80 injections in 10 days. 
Cases of primary optic atroj)hy and gen- 
eral paresis are now receiving a total dose 
of 0 million units in IS days. Penicillin is 
administered in these patients in gradually 
increasing amounts for the first 3 days to 
minimize the intensity of the Ilcr.vhcimer 
reaction, and then in doses of 50,000 units 
every 3 hours for the following 15 days. 
In this paper only the results of one course 
of penicillin therapy arc considered. Each 
patient was instructed to return at three- 
month intervals for further physical ex- 
aminations and for serologic and .spinal 
fluid studies. 

Seventy-seven patients were followed 
for 6 to S months, 35 patients from 9 to 
II months, while the remaining 29 patients 
were followed for 12 to 19 montlis. 

Results. Changes in Spinal Fluid 
Following Tre.\t.ment. The response 
of the spinal fluid to penicillin therapy 
has been classified as follows: 

1. Return to Normal. This indicates 
that a complete reversal of the spinal fluid 
has occurred with the cell count below 
10 per cu. mm., the protein level below 
45 mgra. %, the mastic reading less than 
111000, and the Kolmer reaction negative 
with .5 cc. of spinal fluid. 

2. Satisfactory Response. This group 
includes those spinal fluids in which the 
cells, protein and mastic have become 
normal, but the Wassermann reaction 
remains positive, usually with a decrease 
in titer. This series of changes probably 
represents an inactive neurosyphilitic proc- 
ess and we regard it as a satisfactory 
response to treatment. (Dattner^). 


3. Improved. This group of cases in- 
cludes those spinal fluids in which the cell 
count has become normal, but the protein 
lc%’el remains above 45 ingm. %. The 
mastic in this group of cases is often 
greater than 111000, and the Wassermann 
reaction is always positive, although 
usually decreased in titer. The protein 
in most of the patients in this group had 
fallen from a much higher level, but in a 
few instances it had remained stationary. 

4. Evidence of Relapse. Examination of 
the spinal fluid in this group of patients 
showed a significant elevation of the cell 
count (usually .50 cells or more per cu. 
mm.) 0 months after treatment, indieating 
that an active neurosyphilitic process 
c.xistcd and that treatment had failed. 
These patients usually had a normal or 
decreased cell count 3 months following 
treatment, but there was a signifieant rise 
in cells at the end of G months. In an 
occasional patient, the spinal fluid con- 
tained 10 to 20 cells per cu. min. 6 months 
following therapy. This was not regarded 
as evidence of relapse if the cell count had 
been steadily decreasing. If, however, 
the cell count remained above 10 per cu. 
mm. 1 year after treatment was completed, 
the patient was regarded as a treatment 
failure and was re-treated. 

Changes in Spinal Fluid in Rela- 
tion TO Dosage of Penicillin. Table 1 
shows the effect of penicillin therapy on 
the spinal fluid findings in relation to total 
dose of penicillin received. In this study, 
the use of 4 million units of penicillin 
was the most recently employed dosage 
schedule. Consequently, the period of 
follow-up observation in these patients is 
not as long as in those recei\ang smaller 
doses. This factor is of great importance 
and must be considered in comparing the 
effects of the various doses of penicillin. 

It will be observed that 4 of the 10 
patients who received doses of 1.2 million 
units of penicillin developed evidence of 
relapse. One patient obtained a normal 
spinal fluid, while the remaining 5 cases 
had a satisfactory response. The time the 
relapses appeared is classified in Table 2 
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according to the dosage of penicillin and 
the number of patients under observation. 
Three of the 4 patients who relapsed fol- 
lowing 1.2 million units of penicillin had a 
significant pleocytosis in the spinal fluid 
6 months following treatment, while the 
remaining patient had a slightly elevated 
cell count at tlie end of 1 year. 


the large number of normal spinal fluids 
obtained with this dose. ^ 

.Although more relapses occurred in 
patients recei\nng smaller doses of peni- 
cillin, the differences in the period of 
follow-up observation must be considered. 
None of the patients receiving 4 million 
units of penicillin were followed for as long 


Table 1.- 

I)o«c of Penicillin 
in Million Units* 

—Changes in Spinal Fluid in 

Relation to Dosage 

OF Penicillin 


Spinal Fluid Response 


Number of 

Patients Hclapsed 

Normal 

Satisfactorj' 

Improved 

1 2 

10 4 

1 

5 


2,0 to 3 0 

63t 7 

6 

32 

IS 

4.0 

63 2 

n 

34 

IS 


* Three patients with paresis treated with 6 million units arc not included. Likewise, 2 ehildrcn with 
late congenital neurosyphilis treated -with 40,000 units per kilogram of body weight arc omitted, 
t Of these patients 45 were treated with 2.4 million units. 


Table 2. — Relation of the Time of OcconnENCE of Spinal Fluid Relap.se to Dosage 
OF Penicillin and Number of Cases Observed 

Months After Treatment 


Doiago of Pomcillm 
(million units) 

6-S 

o-n 

12-10 

1 . 2 No. patients under observation 

. ... 10 

7 

C 

No. patients relapsing at specified time . 

. . . . 3 


1 

2.0-3 0 No. patients under observation 

. . . . G3 

41 

22 

No. patients relapsing at specified time . 

. . . 4 

1 

2 

4.0 No. patients under observation 

. ... 03 

15 


No. patients relapsing at specified time . 

2 

. . 

- . 


Sixty-three patients received between 
2 and 3 million units of penicillin. Of 
these 7 relapsed, 6 obtained normal spinal 
fluids, while the remaining improved or 
bad a satisfactory response (Table 1). 
Of the 7 patients who developed a relapse, 
1 had received 2.0 million, 3 had received 
3.0 million, and 3 others, 2.4 million units 
of penicillin. Four of the 7 relapses 
appeared 6 months after treatment, 1 at 
9 months, while the remaining 2 cases 
wore regiirded tis relapses only at the end 
of 1 year (Table 2). 

Of the G3 patients receiving 4 million 
units, 2 relapsed, 9 obtained normal spinal 
fluids, while tlie remaining cases obtained 
satisfactory results or improved. Both of 
the relapses in this group occurred (5 
months following treatment. 

The jiatients treated with the various 
doses of penicillin were in general com- 
parable as to the type of ncurosypliilis. 
There were, however, more patients with 
early ncurosyphiilis treated with 4 million 
units of penicillin than with smaller doses. 
This would account to some extent for 


as a year, and relatively few of this group 
have been observed longer than 9 months. 
All of the patients in this study, however, 
have been observed for at least 6 months 
following treatment and a comparison of 
the relapses occurring at this period of 
time is shown in Table 2. Although the 
number of patients treated with 1.2 million 
units of penicillin is small, the appearance 
of spinal fluid relapses six months after 
treatment in almost one-third of these 
cases indicates that this dosage is inade- 
quate. In the two groups of patients 
treated rvith 2 to 4 million units, the num- 
ber of relapses occurring 6 months after 
treatment was not significantly different. 
It is our belief, however, that doses of 
penicillin less than 4 million units will 
prove to be unsatisfactory in the treat- 
ment of neurosyphilis and should not he 
used in this condition. 

Relatio.v of Spinal Fluid Changes 
TO Dur.atio.n of Disease. Table 3 
shows the changes in the spinal fluid 
classified according to the duration of 
the disease. It unll be noted that approxi- 
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mately onc-half of tlie patients known 
to hav^ early neurosyphilis (less than 
5 years' duration) developed a normal 
spinal fluid, whereas only 0 of the IIS 
patients who appeared to have late syphilis 
obtained a reversal of the spinal fluid. 
I/ikcwisc, there were many more .spinal 
fluid rclnp.scs in the late eases of neuro- 
syphilis. 


of 211000, and a positive Wassermann 
with .0625 ee. of spinal fluid. This patient 
had no clinical evidence of neurosj 7 )hilis. 
He was piven 4 million units of penicillin 
and G months later his .spinal fluid showed 
165 cells, 54 mpm. % of protein, with no 
change in the Wassermann or mastic re- 
actions. His lack of response to penicillin 
is interesting in view of his failure to 


TABLn 


-Rni..AT!O.V OF .SpiKAl, Fl,eil) CalAKOES TO DutlATIOS OF DISEASE 

Spinnl Fluid Rc-pon-c 


Durntion of Infoctioti Pntionl* Itftnp-rd Nornml 

Early ncurosyiihilis . . 23* i 10 

Late ncurosyphilist IIS 12 0 

• EiRhtcen of these patients were treated with -t iiiilHon unit? of penicillin, 
t These cases included tho'e of unknown durntion, presumed to t>e more than five years, 


.Satisfactory 

12 

02 


Improved 

as 


Taupe •!. — Relation’ of Spin’ai, Fi.trin Ciianof. to Findi.vos in’ tub I'T,l’ii> Pnion to Trf.atme.nt 


.Spin.il Fluid Rc«pon*e 

FindincM in .Spinal Fluid N’unilicr of 

Before Treatment I’nlient- ne!np«ed* Noriiinl .Sntiifnclory Improver! 

Inactive Group II ..... 0 . 1 5 

Group II .>1 I 9 .33 8 

Group III 81 ,'>t fi 30 30 


* Six months after treatment. 

t Four additional patients with Group 3 spinal fluid findincs showed evidenee of relapse later than 
0 months followinR treatment. 


None of the patients with early nenro- 
syphilis had initial primary or secondary 
syphilitic manifestations; the duration of 
the infection in these cases was usually 
2 to .3 years. Several of them had relaps- 
ing cutaneous manifestations, but most of 
them had an asymptomatic ncurorccur- 
rence or meningitis. 

The good results obtained wth the use 
of penicillin in the treatment of early 
neurosyphilis has also been noted by 
others. Nelson* reported clinical cure and 
spinal fluid reversals in a number of 
patients with acute meningitis treated 
wdth penicillin, while O’Leary® states that 
penicillin therapy was most promising in 
the treatment of the meningeal form of 
this condition. 

The 1 patient in this series with early 
neurosyphilis who developed a spinal fluid 
relapse was a 21 year old white man who 
had a penile lesion 3 years previous to his 
penicillin therapy. Despite almost 3 
years of continuous and regular arsenical 
and bismuth treatments at various prison 
camps, this patient’s spinal fluid showed 
98 cells, 30 mgm. % of protein, a mastic 


respond to adequate treatment with 
arsenic and bismuth. 

Relation of Splval Fluid Find- 
ings Before Treatment to the 
Changes Following Penicillin The 
response of the spinal fluid to penicillin 
therapy is classified in Table 4 according 
to the findings in the fluid immediately 
prior to treatment. 

IMost of the patients treated early in 
this study had Group 3 spinal fluids. 
This group of patients therefore have the 
longest period of follow-up observation 
and have also received the smaller doses 
of penicillin. These two factors must be 
considered in comparing the results ob- 
tained with Group 2 and Group 3 .spinal 
fluids. 

Appro.ximately the same number of 
relapses occurred six months after treat- 
ment in patients with Group 2 and Group 
3 fluids. There were, however, more 
patients in Group 2 developing normal 
spinal fluids than in Group 3. Although 
these findings may be the result of differ- 
ences in dosage, it is nevertheless our 
impression that patients having maximal 
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spinal fluid changes obtained less satis- 
factory results following penicillin therapy. 

Only one of the patients in this series 
with inactive Group 2 spinal fluids (those 
with normal cells, protein and mastic, but 
with a positive Wassermann) obtained any 
significant change in his spinal fluid find- 
ings, and this wqs a case of early neuro- 
syphilis. In late cases of syphilis, this 
type of spinal fluid represents an inactive 
neurosyphilitic process (Dattner^). We 
think it probable that little or no change 
in the spinal fluid can be expected in these 
cases following penicillin, therapy. 

There were 38 patients in this entire 
series who were classified as improved and 
showed normal cell counts following treat- 
ment, but had persistently elevated spinal 
fluid proteins and positive Wassermann 
reactions. These cases are of considerable 
interest. Many of these patients have had 
a significant decrease in the spinal fluid 
protein and their present level is only 
slightly higher than 45 mgm. %. Since 
the elevation of the protein is usually much 
slower to subside than the pleocytosis, 
these patients cannot be called treatment 
failures at this time. 

There were, howe\Tr, 12 patients who 
had an increase in spinal fluid protein at 
the onset of treatment who still show an 
appreciable elevation in protein (more 
than 60 mgm. %) despite penicillin 
therapy. Three of these patients had 
normal cell counts before treatment. Sig- 
nificantly, all of these cases had syphilis 
of long duration, and one-half of them had 
either meningovascular syphilis or had 
definite parenchymatous involvement, 
such as paresis or tabes. Elevation of the 
spinal fluid protein in such cases has been 
found to persist for as long as 4 years or 
more following fever therapy It has 
been observed, moreover, tliat paretics 
with very high spinal fluid proteins show 
considerable tendency to maintain sucli 
levels almost continuously following fever 
therapy and that the clinical results in 
these patients are no different from those 
with low spinal fluid proteins.' In men- 
ingitis and in early nenrosyphilis, however. 


we have observed a rapid and dramatic 
fall of extremely high protein levels follow- 
ing penicillin or arsenicals. The persist- 
ence of a high protein in the spinal fluid 
in our patients may therefore represent a 
severe degree of destruction in the central 
nervous system and does not necessarily 
indicate that penicillin "svas ineffective. 
It is this group of cases, however, that 
needs most prolonged and careful observa- 
tion before tlie value of penicillin can be 
accurately assessed. Some of them prob- 
ably will become treatment failures. 

Relation of Spinal Fluid Response 
TO Blood Serologic Tests. No ap- 
parent relation was noted between the 
results obtained in the spinal fluid and 
those obtained in blood serologic tests 
(Table 5). 

None of the patients who de^'•eloped a 
relapse in spinal fluid showed a rise in the 
titer of the quantitative Kahn. The Kahn 
titer fell in 7 of these cases, but remained 
the same in 5 others. None of these 
patients developed a negative blood sero- 
logic test. 

Of the 16 patients who developed a 
normal spinal fluid, only S obtained a neg- 
ative serologic reaction. The majority of 
the patients in this study showed a de- 
crease in the titer of the blood serologic 
test regardless of tlie spinal fluid response. 
In many of the patients, however, no 
■ change in blood titer was noted, despite a 
satisfactory response or improvement in 
the spinal fluid. 

The lack of correlation between blood 
and spinal fluid findings following peni- 
cillin therapy is noteworthy. It is easily 
understood how patients with relapsing 
neuros;\T}hilis can be overlooked if one 
relies entirely upon the blood serologic 
test. In this study the majority of pa- 
tients with evidence of neurorelapse 
showed no clinical symptoms, and in such 
cases, failure to respond to treatment can 
only be diagnosed early by repeated exam- 
inations of tlie spinal fluid. 

Rel.\tion of Spinal Fluid Response 
to Type of Neurosyphilis. As suggested 
in the foregoing paragraphs, the types of 
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ncurosyphilis that seemed to respond best 
to penicillin therapy were those with 
early asymptomatic neurosyphilis or acute 
syphilitic meningitis. This group of cases 
obtained the greatest nnml>er of normal 
spinal fluids and developed the smallest 
number of relapses (Table G). 

All but 1 of the 5 patients with late 
congenital asymptomatic ncurosyphilis ob- 
tained a satisfactory spinal fluid response. 
This patient had 200 mgm. % of protein 
in the spinal fluid and no cells prior to 
treatment, and 11 months later showed 
only a slight reduction in the spinal fluid 
protein. 


icillin is poorest in the more advanced 
cases of ncurosyphilis. 

The large number of patients with 
parenchymal nenrosjTihilis who maintain 
an elevation of the spinal fluid protein has 
lieen mentioned previously in this report. 
Since this group of patients have most 
destruction of the central nervous system, 
and since the ultimate response of such 
.spinal fluids to penicillin is not known, the 
importance of prolonged obser\’ation of 
this particular group of patients is again 
emphasised. 

The Reiation of Spinal Fluid 
R riiPONSE TO IblEVIOlIS TnEATOENT. 


Taui.v. .5. — er Si'iVAi, Fi.cm Uksi'on'<b to Bi.ood SEnoi-ooic Tt.->Ts 


■Spiiii! Fluid Rc«poii«e 

Ilcfull^ of Sorolocir S^uuiImt of — — ^ — ^ 

Tct*! of Bloo<i pjiticiit** UpIhp-ikI Norm'll .s iti«fnctor> Impro\e(l 

Eccamo ncRativc 31* S IS 8 

llocrcasod in titer "i8 7 7 33 11 

No change It) .> 1 31 19 

Incrcasetl in titer 


* Of these iiatienta 12 hut! negutite or tlouhtful blood serologic tests at onset of tlienipy. 


TauMt. G, — UeUATiov of 

HI’INAI. Pi.ijio 

Ilf ‘.I'ON-'f. TO 

Twh. or XEUitosYruiLi*! 



Number of 


Spinal Fluid Rc^pon^e 






Diagiiuiia lit Oiiaul uf '1 Iwrufiy 

Patients 

lie! ipieil 

Normal* Sat!«factor}' 

Improii'ii 

.\cute meningitis 

. . 4 


2 2 


Early asymptomatic 

19 

1 

S 10 


Congenital asymptomatic . 

. . 5 


4 

1 

Late asymptomatic 

74 

10 

C 41 

17 

Meningovascular 

20 

• > 

15 

9 

Tabes 

4 



4 

Optic atropliy . 

2 


} 


Paresis 

. 7 



— 


* Of these patients 5 have a doubtful or a 2-plus Kolmer reaction with O.o cc. of spinal fluid. 


Seventy-four patients in this series 
appeared to have late asymptomatic neu- 
rosyphilis. Most of these responded well 
to treatment and obtained satisfactory or 
normal spinal fluids. Ten of them re- 
lapsed, however, and 17 others maintained 
elevated spinal fluid proteins. 

None of the patients with meningo- 
vascular neurosyphilis, paresis, tabes or 
optic atrophy obtained normal spinal 
fluids. Less than one-half of them showed 
a satisfactory response, and many of them 
showed persistently elevated proteins. 
These findings are in general in accordance 
with those noted by others^ and demon- 
strate that the spinal fluid response to pen- 


The therapy our patients received prior 
to penicillin treatment has been classi- 
fied into 4 groups: (1) No treatment; 
(2) poor chemotherapy, consisting of 
less than 25 arsenic and 25 bismuth 
injections; (3) adequate chemotherapy, 
consisting of more than 25 arsenic and 
25 bismuth injections, regardless of the 
regularity and time over which it was 
given; (4) fever therapy. 

There did not appear to be any corre- 
lation between the failure of the spinal 
fluid to respond to penicillin and the 
amount of previous treatment. Of the 
13 cases who developed evidence of re- 
lapse, 3 had had no previous therapy; 
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2, poor therapy; 7, adequate therapy, 
and 1 had had fever. 

The effects of previous therapy, how- 
ever, cannot be accurately evaluated. 
Greater amounts of treatment, including 
fever, were usually given to the more ad- 
vanced cases, and the results of penicillin 
in these instances were less satisfactory. 

It should be emphasized, however, that 
approximately one-half of the patients who 
obtained normal or satisfactory' spinal 
fluid findings had had adequate chemo- 
therapy previously, indicating that peni- 
cillin has a 'far greater effect on syphilis of 
the central nervous system than routine 
chemotherapy. This observation is, we 
believe, of considerable importance and 
indicates that penicillin should replace 
entirely the use of routine arsenic and bis- 
muth preparations in the treatment of 
neurosyphilis. 


consists of fifty hours of temperature 
greater than 103° F., obtained by intra- 
venous infusion of typhoid vaccine in 
seven to ten courses. In 31 of the 48 
patients considered in the table, no furtlier 
treatment was given following fever ther- 
apy. In 17 cases, however, 10 to 20 
weekly injections of tryparsamide were 
given after fever was completed. Since 
no significant differences could be observed 
in this small series in the spinal fluid 
response of those receiving fever alone 
and those receiving fever and tryparsa- 
mide, both groups are considered together 
for comparison with penicillin-treated 
patients. 

In general, the number of patients ob- 
taining a normal or satisfactory spinal 
fluid is approximately the same with the 
two methods of treatment. The number 
of relapses following fever was not sig- 


Table 7. — Comparison of the Response of Spinal Fluid to Penicillin With That 
Obtained After Fever Thbrapv (Tvphoid Vaccine) 


Number of 

Mctliod of Thernpy Pntient*! 

Penicillin, 4 0 million units ... 48 

Fever thernpy* 48 


* Two of these patients received malaria. 


Spinal Fluid Response 


Relapsed 

Normal 

Snti'sfartoo' Improved 

1 

1 

27 

in 

3 

2 

32 

11 


Comparison of Response of Spinal 
Fluid to Penicillin Therapy With 
That Obtained With Fever. During 
the two years prior to the use of penicillin 
in this clinic, we had employed fever ther- 
apy routinely in the treatment of the same 
types of neurosyphilis we are now treating 
with penicillin. The spinal fluid responses 
of these two methods of therapy are com- 
pared in Table 7. Patients with early 
neurosyphiiis are not considered, since 
fever was rarely used in these cases. Only 
patients who received at least 4 million 
units of penicillin are included in this 
comparison. 

Observations of the spinal fluid response 
in patients treated witli fever were usually 
made 12 to IS months following therapy. 
Ihc two groups of cases are othenvise 
comjiarable, particularly in regard to diag- 
nosis and initial spinal fluid abnormalities. 
Phe course of fever therapy in this clinic 


nificantly higher than that obtained with 
penicillin. It will be noted, however, that 
more patients maintained an elevated 
protein after penicillin than after fever, 
possibly because the period of follow-up 
observation was longer in patients treated 
with fever. 

Although the response of the spinal 
fluid to penicillin appears to be equal to 
that obtained with fever, it must be re- 
membered that clinical improvement does 
not always parallel the spinal fluid find- 
ings. It is e.xtremely difficult to compare 
any two groups of patients with neuro- 
syphilis in regard to the improvement in 
clinical symptoms, but it is our impression 
that the results of fever therapy were 
somewliat better than penicillin therapy 
in our patients with paresis. In asympto- 
matic ncurosj-philis, however, or in pa- 
tients in whom only an arrest in progress 
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may be expected, penicillin definitely 
appears to be the treatment of choice. 

Response or Clinical Symptoms to 
Penicillin Therapy. The majority of 
patients in this series were asymptomatic 
at the onset of treatment or had irrever- 
sible meningovascular manifestations, siicli 
as fi.xed pupils and long-standing hemi- 
plegias. It ivas not possible, therefore, 
to ascertain any objective clinical improve- 
ment following treatment in most of our 
patients. 

There was, however, a surprising num- 
ber of patients in tliis scries who obtained 
marked subjective improvement. These 
patients frcciuently stated that they felt 
better, had gained weight, had more pep 
and vigor and were "one hundred percent 
different.” !Many of them also obtained 
relief from headaches, malaise and mus- 
cular aching, although these symptoms 
were not mentioned by them at the time 
of their initial examination. Such "tonic” 
effects liai’e also been noted by otliers. 
O’Leary,® for e.xample, found that weight 
gain was a common occurrence and noted 
that an over-all general improvement was 
frequently obtained. 

The response of specific symptoms of 
neurosypbilis to penicillin therapy was, 
hoM'ever, considerably more variable. In 
2 patients with tabes, ataxia was greatly 
improved and the patients returned to 
work. On the other hand, 2 other patients 
with lightning pains obtained only tempo- 
rary relief. 

Six of the 7 patients with early paresis 
showed definite improvement and are now 
well enough to return to their former jobs. 
The response to penicillin was often very 
dramatic, with immediate improvement 
of tremors, handwriting and slurring of 
speech. One patient, however, showed 
only slight improvement in mental status. 
Records have been obtained from 6 otlier 
patients with paresis, who are not included 
in this series, as they were transferred to 
psychiatric institutions and could not be 
observed in this clinic. Four died and 
two remain psychotic. In all of these 


cases, however, the disease was far ad- 
vanced at the onset of treatment. 

Both patients with optic atropln' have 
shown progressive loss of vision and con- 
striction of visual fields, despite the fact 
that their spinal fluids have re.sponded 
satisfactorily. The patients with trans- 
verse myelitis, meningomyelitis and eighth 
nerve deafness have not shown any definite 
clinical improvement. 

Reactions. The most common reaction 
encountered in our patients was an initial 
febrile Ilcrxheimer effect. This usually 
occurred on the first day of therapy, but 
was sometimes delayed until tlie second 
or third day in those patients who received 
gradually increasing doses of penicillin. 
Three of the 7 patients with paresis be- 
came considerably agitated at the onset of 
therapy and had to be restrained, but this 
effect was only temporary. One patient 
(not included in this series) who had been 
diagnosed as asymptomatic before treat- 
ment, developed an acute psychosis during 
penicillin therapy, necessitating discon- 
tinuance of tlierapy. Altliough such re- 
actions have been previously reported,' 
they are relatively uncommon. 

Discussion. Only a relatively small 
number of patients in tliis series obtained 
normal spinal fluids after penicillin. This 
we believe is due to the comparatively 
short period of observation which has 
elapsed following treatment. As pointed 
out by Stokes and his associates,' there 
is a striking increase in the number of 
normal spinal fluids with longer periods 
of observation. We believe that most of 
the patients witli a satisfactory spina! 
fluid response and some of those with 
improvement in tlie spinal fluid will soon 
obtain normal findings. 

The criterion for relapse in this series 
has been based entirely upon the cell 
count, for this is believed to be the most 
sensitive indication of the activity of the 
neurosyphilitic process.- In 10 of tlie 
13 patients in this series who relapsed, 
there appeared to be an initial improve- 
ment in the cell count, but approximately 
six months following therapy, the cells 
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rose again to the original level or higher. 
In the remaining 3 cases, the cell count 
showed a steady decline but was still 
greater than 10 cells per cu. mm. a year 
following therapy. 

We have found the response of the 
jjrotein to be considerably slower and not 
as sensitive as the cell count. The protein 
rose in only 3 of the 13 patients who 
showed an increase in cells. Changes in 
the mastic Avere generall}'’ reflected by the 
more accurate quantitative protein deter- 
minations. No change was noted in the 
mastic reaction in any of the cases of 
relapse. 

Only marked changes in the Wasser- 
mann titer of at least 2 or 3 dilutions Avere 
regarded as significant in this study. 
Minor changes of 1 or 2 dilutions could 
not be depended upon as an indication of 
relapse because of the daily uncontrollable 
laboratory variation in the sensitivity of 
the complement fixation reaction. In this 
series, only 5 of the patients Avith relapse 
shoAved any significant changes in the 
Wassermann titer. As mentioned prcA'i- 
ously, the blood serologic test A\^as of no 
value in the detection of relapsing spinal 
fluids. 

Clinical symptoms AA’iere also of little 
importance as an early indication of treat- 
ment failure. Only 2 patients Avith relap- 
sing spinal fluids de\’cloped any clinical 
signs. One of them noted a recurrence of 
headache, aa’IuIc the other suffered a trans- 
ient monoplegia. For these reasons, Ave 
have come to depend almost entirely on 
the cell count for re-treatment of our 
asymptomatic cases, since neither the 
clinical, serologic, or other spinal fluid 
findings appeared sufficiently reliable for 
the early diagnosis of treatment failure. 

In scA’cral patient.s there Avas a return 
or progression of symptoms, despite a 
satisfactory response or improA'ement in 
tlicir spinal fluids. The decision to giA’e 
further treatment to these patients de- 
pended upon the type and scA'crity of their 
symptoms. 

Patients avIio shoAved a relapse in the 
spinal fluid folloAA'ing small doses of peni- 


cillin AA'ere re-treated Avith 6 million units 
of penicillin. Those relapsing after large 
amounts of penicillin Avere giA^n feA^er 
therapy, in addition to tAvice the original 
amount of penicillin. 

In one of the patients in this series, the 
cell count AA^as normal at 3 and 6 months, 
but increased 9 months following therapy. 
It appears therefore that, although most 
relapses occur within the first 6 months, 
patients treated Avith penicillin should be 
folloAved for considerably longer interA^als. 
A someAA'hat greater relapse rate is to be 
e.vpected in this series, therefore, Avith 
longer periods of obserA’^ation. (See Ad- 
dendum). 

The total number of spinal fluid relapses, 
hoAvever, in this group of patients Avith 
neurosyphilis aaAio receiA'^ed 4 million units 
of penicillin AA’ill be quite small and Avill 
probably be less than 15%. Penicillin is 
a A'^ery A'^aluable agent in the treatment of 
this condition and should replace arsenic 
and bismuth preparations. MoreoA’-er, in 
asymptomatic neurosyphilis it is an effec- 
tiA'e and a salfer method of treatment than 
fever. We believe that fcA^er therapy is 
still the metliod of choice in most of the 
patients Avith late symptomatic neuro- 
syphilis. The frequent and dramatic 
response of many of these cases to peni- 
cillin, hoAVCA'er, and the safety of this form 
of therapy make the use of penicillin 
AA'arranted in earlier and milder forms of 
this condition. 

Conclusion. One hundred and forty-one 
patients Avith syphilis of the central nerv- 
ous system Avere treated Avith doses of 
penicillin ranging from 1.2 to 6 million 
units and Avere folloAA’ed for 6 to 19 months. 
Our results are in general similar to those 
reported by others and penicillin appears 
to be an effective agent in the treatment 
of this condition. 

Preliminary obserA-ations on the use of 
4 million units of penicillin indicate that 
this dosage Avill probably produce an arrest 
of the neuro.syphilitic process in more than 
85 % of the cases. 

Patients Avith early neurosyphilis obtain 
a better response to penicillin than late 
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cases. It is our impression tliat the 
results in patients with maximal spinal 
fluid findings in late syphilis are not as 
good as those with less severe spinal fluid 
findings. Moreover, patients with late 
•symptomatic neuro-syphilis seemed to ob- 
tain le.ss satisfactory spinal fluid responses 
than those without .symptoms. In gen- 
eral, however, the response of the spinal 
fluid in late cases of neurosyphilis was as 
good as that obtained with fever therapy. 

No correlation was observed between 
the changes in the blood serologic tests 
and the response of spinal fluid following 
penicillin. 

Marked subjective improvement and a 
sense of well-being were frequently noted 
in patients with neurosyphilis treated with 
penicillin. Although the clinical improve- 
ment in paresis and tabes was occasionally 
striking, it did not always parallel the 
improvement of the spinal fluid in these 
cases. 

Tlie cell count of the spinal fluid was 
found to be a sensitive index of treatment 
failure. In those patients developing a 
relapse after penicillin, a significant eleva- 
tion in the cell count was usually noted 
six months after treatment. Oceasionally, 
however, longer periods of observation 
were necessary before evidence of relapse 
could be detected. In this study, 13 of 
141 patients were found to have evidence 
of spinal fluid relapse following penicillin 
therapy. There were, in addition, a small 
group of patients who developed a recur- 
rence of clinical symptoms or a progression 
of their neurosyphilitic manifestations 
following therapy. 

Penicillin is recommended for the treat- 


ment of early neurosyphilis and late 
a.symptomatic neurosyphilis provided ade- 
quate facilities are available for follow-up 
examinations of the spinal fluid. In late 
.symptomatic ncurosyphilis penicillin does 
not replace fever therapy as the treatment 
of choice. The safety of penicillin tlierapy, 
however, and the frequent dramatic re- 
sults obtained in these cases warrant the 
use of penicillin in earlier and milder forms 
of this condition. 

The patients in this study have been 
followed for only a relatively short period 
of time, and these conclusions must there- 
fore be regarded as preliminary. The 
results described in this paper, moreover, 
must be interpreted in light of the faet 
that commercial penicillin has been a 
changing mixture of various substances. 
The content of impurities has gradually 
decreased as potency in terms of units per 
milligram has increased. The relative 
amounts of the several identified penicillin 
fractions G, F, X and K, have likewise 
varied from time to time. These two 
changes and perhaps others suggest that 
therapeutic efficacy may not have re- 
mained constant, and that it may be sig- 
nificantly different today tlian it was orig- 
inally. It is not, now possible to assess 
the e.xtent to which these changes may 
have affected the results here reported. 

Addendum. Since this paper was sub- 
mitted for publication, evidence of .spinal 
fluid relapse has appeared in .3 of the 
patients M'ith late neuros.\'philis treated 
%\'ith 4 million units of penicillin. Each of 
these patients showed 17 to 20 cells per 
c.mm. a year after treatment was com- 
pleted. 
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This report describes the results of 
an investigation of the effectiveness 
of various substances for the protection 
of orally administered penicillin in dogs. 
The manner in which various substances 
protect penicillin against destruction by 
gastric acidity has been reviewed.^ Ex- 
periments in humans with certain oral 
penicillin preparations have been reported 
by Finland et al? 

The protective substances for the animal 
experiments were selected on the basis 
of their ability to protect penicillin against 
acid inactivation as indicated by in vitro 
experiments with artificial gastric juice. 
The protective substances investigated 
included alkaline buffers, antacids, pro- 
teinic materials and oils. Commercial 
penicillin calcium was used throughout 
the study. 

In Vitro Studies. Measurement of 
the pH values after the addition of suc- 
cessive portions of soluble, alkaline salts 
to 25 cc. portions of artificial gastric juice* 
indicated that certain of these salts were 
capable of buffering the juice at a pH 
range compatible with the stability of 
penicillin. The effect of trisodium citrate, 
sodium acetate and dibasic sodium phos- 
phate is illustrated in Figure 1. Several 
other antacids were also found to adjust 
the pH of the juice to a satisfactory level. 
The effect of calcium carbonate and tri- 
calcium phosphate are illustrated in Fig- 
ure 2. It is apparent from Figures 1 and 2 
that these substances maintained the pH 
in a satisfactory range even after the 
addition of more artificial gastric juice. 


* Hydrochloric ncid (3G7r) IG 3 cc. 

Sodium chloride 0 0 pm. 

Disodium phosphate 2 0 pm. 

Pepsin 5 0 pm. 


Under these conditions penicillin was pro- 
tected against rapid destruction. 

The protective effect of certain buffers 
and antacids was demonstrated in the fol- 
lowing experiments. In artificial gastric 
juice to which no buffers or antacids were 
added, 20,000 units of penicillin calcium 
was corapletelj’' inactivated after incuba- 
tion at 37.5° C. for 30 minutes. In sam- 
ples of artificial gastric juice containing 
20,000 units of penicillin calcium and 
750 mg. of disodium phosphate, sodium 
acetate or trisodium citrate respectively, 
80% of the drug was present after incuba- 
tion at 37.5° C. for 30 minutes. A similar 
protective effect was observed when 500 
mg. of calcium carbonate or tricalcium 
phosphate was used. 

Several protein materials. Including 
soluble egg albumen, skimmed milk pow- 
der and whe^' powder were ineffective in 
raising the pH of artificial gastric juice 
to a range compatible with penicillin 
stability. Nevertheless, under certain 
conditions, these substances protected 
penicillin against acid inactivation. A 
control solution buffered to pH 3, contain- 
ing 100 units of penicillin per cc., lost 25% 
of its activity during incubation for 50 min- 
utes at 24° C. On the other hand, similar 
solutions containing 2 % of skimmed milk 
powder, soluble egg albumen or whey 
powder required 4 hours at 24° C. for the 
same degree of inactivation. 

Cottonseed oil had no protective effect 
upon penicillin. Incubation of 1 cc, of a 
suspension of 100,000 units of penicillin 
calcium in cottonseed oil with 25 cc. of 

Lactic add .... i gtn. 

Amino-acetic acid .... j gm. 

Dustilled water, q.s. . . . JOOO cc. " 



672 STEBBINS, MACEK, BAUGHEKBAUGU: ADHriNISTRATION OE BENICILLIN IN DOGS 


artificial gastric juice resulted in ‘ complete 
inactivation of the penicillin within 30 
minutes. Tlie use of a soft clastic gelatin 
capsule to enclose the penicillin-oil suspen- 
sion offered no protection to the drug 
under similar conditions. 


In Vivo Studies. Mongrel dogs, weigh- 
ing 8 to 10 kg., were used in this investiga- 
tion. Their diet consisted of single daily 
feedings of chopped horse meat, Gaines 
dog meal and milk. Water was available 
at all times. During an e.vperiment the 



Fig. 1.— pH of artificial gastric juice foUowing addition of various soluble alkaline salts. 
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dogs were kept in large metabolism cages 
in an air-conditioned room. The animals 
were fasted for 12 hours before the experi- 
ment, Prior to penicillin administration 
and again at the 4th hour, each animal 
was given 200 cc. of water by stomach 
tube to insure adequate urine flow'. 

Unless otherwise stated, penicillin cal- 
cium was administered orally in the form 
of compressed tablets w'ith the protective 
substances as a component part. The 
tablets were given in single doses of 
100,000 units or by repeated administra- 
tion comprising an initial dose of 30,000 
units and 10,000 units hourly thereafter 
until a total of 100,000 units w'as given. 
Penicillin calcium in oil suspension w'as 
administered orally in the form of soft 
elastic gelatin capsules in single doses of 
100,000 units. 

Serum and urine samples, taken at 
hourly intervals during the e.xperiment, 
were assayed by a modification of the 
cup-plnte method.® The minimum con- 
centration of penicillin in the serum 
measured quantitatively by this test was 
0.2 unit per cc. 

Buffers and Antacids. In prelimi- 
nary experiments each of 3 groups of dogs 
W'as pre-conditioned by the oral adminis- 
tration of soluble buffering salts dissolved 
in water in the following amounts, respec- 
tively: disodium phosphate, Ggm.; sodium 
acetate, 6.5 gm.; trisodiuin citrate, 5 gm. 
Thirty minutes later 100,000 units of pen- 
icillin calcium in water was given with 
the following amounts of buffers, respec- 
tively: disodium phosphate, 5 gm,; sod- 
ium acetate, 3.5 gm.; trisodium citrate, 

5 gm. One group of control animals with- 
out pre-conditioning received 10 gm. of 
lactose and 100,000 units of penicillin 
calcium dissolved in water. Another group 
received an aqueous solution of 100,000 
units of penicillin calcium alone. In a 
second series of experiments, jire-eondi- 
tioning of the animals was omilteil. The 
jienicillin and soluble buffering salt.s or 
antacids were administered in the same 
tablet according to the single and repeated 
dosage schedules outline<l above. Control 

voi.. 213, xo. G— jcxc, 1P47 22 


animals received penicillin calcium alone. 

The data presented in Tables 1 and 2 
indicate that oral pre-conditioning of dogs 
with soluble alkaline buffering salts offered 
no advantage over the simultaneous ad- 
ministration of penicillin and the buffering 
substance. On the other hand, the data 
in Table 3 indicate that repeated oral 
administration of soluble buffering salts 
or antacids in combination with penicillin 
resulted in high levels of penicillin in the 
sera of dogs. These levels were main- 
tained as long as the administration of 
penicillin w’as continued. A mild diarrhea 
was observed after repeated administra- 
tion of disodium phosphate, thereby de- 
tracting from the usefulness of this buffer 
for oral penicillin. 

Early appearance of penicillin in the 
urine follow'ed the rapid disappearance 
of the drug from the blood stream. Uri- 
nary levels ranging from 10 to 50 units 
per cc. were detected within 30 to 60 min- 
utes after the administration of penicillin 
in combination w'ith soluble buffers or 
antacids. The quantity of penicillin ex- 
creted in the urine of the dogs after re- 
peated oral administration W'ith such 
agents was 4 to 6 times that excreted after 
similar administration of penicillin in 
w'ater. 

Protein Substances. Repeated ad- 
ministration of soluble alkaline buffering 
substances and certain antacids presents 
the possibility of producing gastric irrita- 
tion and alkalosis. In order to overcome 
this potential objection to the use of 
alkaline substances and antacids, protein 
materials were e.vplored as protective 
agents for orally administered penicillin. 
Although the in viiro tests indicated that 
skimmed milk powder, soluble egg albu- 
men and whey powder all protected pen- 
icillin against acid destniction, the urinary 
e.xcrction data following tiie single admin- 
istration of 100,000 units of penicilUn with 
the same amounts of these 3 protein 
material-s showed that the skimmed milk 
powder was much more efficient in the 
animal te.sts than .'soluble egg albumen or 
whey powder. A comparison of the data 
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Table 1. — Serum and Urinary Concentrations or Penicillin Following Oral 
Administration With Soluble Alkaline BurrERiNo Salts 

Single Dose ■= 100,000 Units (Wit/i Pro-treatment) 





Hourly .«enim lovol‘j (units per cc.) 



% urinary 

ProtectiA'e substanre 

I 

2 

3 

4 

r, 

G 

7 

excretion 
24 hours 

Disodium phosphate 

0 2 

0 3 

0 4 

0 3 

<0 2 

<0 2 


26 0 

Sodium acotato 

0 2 

0 3 

0 4 

<0 2 

<0 2 

<0 2 


30 4 

Trisodium citrate 

0 3 

0 2 

<0 2 

<0 2 

<0 2 

<0 2 


23 0 

Water (control) 

. 1 C 

0 7 

0 

0 

0 

0 


4 1 


Table 2. — Serum and Urinary Concentrations op Penicillin Following Oral 
Administration With Soluble Alkaline BurrERiNO Salts and Antacids 
Single Do'o = 100,000 Units (Without Pro-treatment) 





Hourly ‘‘cnim levels 

(units per cc.) 



% urinaiy 

Protective substance 

1 

n 

3 

4 

•I 

G 

7 

excretion 

24 hours 

Sodium acetate 

0 2 

<0 2 

<0 2 

0 

0 

0 

0 

IS 6 

Trisodium citrate 

1 G 

0 S 

0 3 

<0 2 

<0 2 

<0 2 

0 

22 8 

Calcium carbonate 

1 4 

1 0 

0 4 

0 3 

<0 2 

<0 2 

<0 2 

22 4 

Triealcium phospliate 

>2 0 

0 7 

<0 2 

<0 2 

<0 2 

<0 2 

<0 2 

26 6 

Water (control) 

1 0 

0 7 

0 

0 

0 

0 

. . 

4 1 


Table 3. — Serum and Urinary Concentrations or Penicillin Following Oral 
Administration With Soluble Alkaline Bufferino Salts and Antacids 


Repeated Dosage = 30,000 Units Initially and Then 10,000 Units Hourly; 100,000 Units Total 





Hourly serum !e\ols (units per cc.) 



% urinary 
excretion 
24 hours 

Protective substance 

1 

O 

3 

4 

3 

G 

7 

Sodium acetate 

1 2 

0 4 

0 4 

0 7 

I 0 

0 4 

0 8 

31 1 

Trisodium citrate 

1 2 

1 4 

0 3 

0 4 

0 s 

0 7 

1 0 

27 7 

Calcium carbonate 

0 4 

0 5 

0 8 

0 8 

1 2 

0 8 

0 3 

46 1 

Triealcium phosphate 

0 8 

0 0 

0 0 

1 0 

0 4 

0 8 

0 5 

32 7 

Water (control) 

0 2 

0 0 

0 5 

<0 2 

0 3 <0 2 


7 3 


• Table 4, — Serum and Urinary Concentrations of Penicillin Following Oral 


Administration With Proteins and Protein-containing Mixtures 




Single Dose = 100,000 Units 

Hourly serum levels (units per cc ) 


% unnatT. 

Inn 

Protective substance 

I 

2 

3 

4 

5 

G 

7 

24 hours 

Skimmed milk powder 

1 2 

0 8 

0 2 

0 2 

<0 2 

<0 2 

<0 2 

24 0 

Egg albumen powder 

1 4 

0 4 

0 3 

0 2 

0 

0 

0 

15 6 

Whey powder 

1 5 

0 5 

<0 2 

0 

y 

0 

0 

13 1 

Water (control) 

1 6 

0 7 

0 

0 

0 

0 


4 1 


Table 5. — Serum and Urinary Concentr-ations of Penicillin Followung Oral 
Administration With Proteins and Protein-containing Mixtures 


Repeated Dosage = 30,000 Units Initially and Then 10,000 Units Hourly; 100,000 Units Total 




Hourly 

’ serum 

levels (units per cc.) 


% uniiar> 
excretion 

ProtectiA'e substance 

1 

2 

3 

4 

5 

6 

7 

24 hours 

Skimmed milk powder 

>2 0 

0 4 

0 4 

0 4 

0 3 

0 2 

0 2 

20 1 

Egg albumen powder 

0 0 

0 4 

0 3 

0 3 

0 4 

0 3 

0 2 

6 3 

Whey powder 

1 0 

0 6 

0 7 

0 6 

0 6 

0 5 

0 3 

17 1 

Water (control) 

0 2 

0 6 

0 5 

<0 2 

0 3 

<0 2 


7 3 


Repeated Dosage = 40,000 Units Initially and Then 10,000 Units Hourly; 90,000 Units Total 
Skimmed milk powder -• 20 14 08 05 07 05 .. 32 0 


Table 6. — Serum and Urinary Concentrations of Penicillin Folloaving Oral 
Administration of Oil Suspensions in Soft Elastic Gelatin Capsules 
Single Dose = 100,000 Units 


ProtectiA'e substance 
Cottonseed oil . 
Linseed-peanut oil 
Water (control) 


1 

0 9 

0 5 

1 6 


Hourly serum levels (units per cc.) 


2 3 


4 5 


0 5 <0 2 
0 3 <0 2 
0 7 0 


< 0.2 <0 2 
< 0.2 < 0.2 

0 0 


6 

0 

0 

0 


% unnarj 
excretion 
24 hours 

5 0 
9 0 
4 1 
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presented in Tables 2 and 4 indicates that 
the administration of penicillin wth 
skimmed milk powder in single oral doses 
produced concentrations of penicillin in 
the sera and urine of dogs equal to those 
produced by single doses of penicillin with 
the buffering substances and antacids. 
A comparison of the data in Tables 3 
and 5 indicates that the repeated ‘admin- 
istration of penicillin with skimmed milk 
powder produced concentrations of pen- 
icillin in the sera and urine of dogs equal 
to those produced by the administration 
of penicillin with buffers and antacids in 
repeated doses. • 

No deleterious physiologic effects were 
observed in the animals receiving combi- 
nations of penicillin and these proteinic 
substances. 

Oils. Oil vehicles have been reported^ 
to protect orally administered penicillin 
against destruction by gastric acidity. In 
order to evaluate this method of protec- 
tion, soft gelatin capsules containing sus- 
pensions of penicillin in cottonseed oil 
and in a mi.vture of linseed oil and peanut 


oil were administered to dogs. A com- 
parison of the data presented in Tables 2 
and 6 indicates that the administration 
of penicillin with oil in single oral doses 
produced significantly lower concentra- 
tions of penicillin in the sera and urine of 
dogs than those produced by single doses 
of penicillin with the buffering substances 
and antacids. However, traces (< 0.2 unit 
per cc.) of penicillin were detected in the 
sera for as long as G hours. 

Summary. The acid inactivation of 
orally administered penicillin can be re- 
duced appreciably by the simultaneous 
administration of protective substances. 
Relatively high concentrations of penicillin 
can be produced and maintained in the 
blood and urine of dogs following the oral 
administration of penicillin with such pro- 
tective substances as soluble alkaline buf- 
fer salts, certain antacids and certain 
edible proteinic materials. It appears 
tliat the use of edible proteinic materials 
as protective agents for penicillin may 
permit absorption with no danger of un- 
toward effects. 
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Gram-negative bacillus infections of 
the meninges are infrequent when com- 
pared with other bacterial meningitidcs, 
but they are common enough to be of 
importance, particularly intismuch as they 
are attended bj’ high mortality rates. 
This report deals with 5 cases of such in- 
fections in which recovery followed strep- 
tomj’cin treatment. 

The causative organisms were Pseudo- 
monas serughiosa and Hemophilus influ- 
enzx each in 2 cases and Bacillus profeus 
in I case. These are all gram-negative, 
aerobic, non-sporulating bacilli. Ps. xru- 
ginosa {Bacillus pyocyaneus) is noted for 
the bluish green pigment which it pro- 
duces under certain circumstances. All 
3 organisms occur as normal saprophj'tic 
inhabitants of the upper respiratory or 
the gastro-intestinal tracts of man and 
animals but occasionally produce severe 
infectious processes. Ps. xruginosa and 
B. profeus are commonly encountered in 
infections of the genito-urinary tract while 
H. influenzx (the influenza bacillus of 
Pfeiffer) is most often encountered in men- 
ingitis in small children. Each of these 
organisms may, however, invade any por- 
tion of the body and infections due to 
these bacteria have been reported in the 
eye w,42.4s.74 ear 20,50.74 nasal accessory si- 
nuses pharjTix,^-"’’^^ larynx,'*^ endo- 
cardium,*®'^^ lungs, gastro-intestinal 
tract,^®'®®''^'* genito-urinary tract,^®'®"’'^^ peri- 
toneum,^® liver, bones®®'®®'®* and 
joints,*®'®* meninges,®'*®'®®'®* skin®®'*®'®* and 
wounds.*®'®® 


P.SEUDOMONAS jErUGINOSA MENINGITIS. 
Pathogenesis. ^Meningitis due to Ps. xru- 
gitw.sa usualli' follows direct implantation 
of the organism into the meninges. Occa- 
sionally meningitis due to this organism 
is noted in the course of a septicemia, the 
portal of entry for the septicemia being 
the genito-urinary tract or elsewhere.®®'"® 
Direct implantation of Ps. sruginosa into 
the meninges usually follows trauma, as 
in a skull fracture or a bullet wound or 
occurs by direct e.vtension from an adja- 
cent suppurative process such as an otitis 
media, or, it may be introduced by a con- 
taminated spinal anesthesia or lumbar 
puncture procedure.®® At least 19 cases of 
Ps. mruginosa meningitis have been report- 
ed which were considered to be the result of 
a contaminated spinal anesthesia or diag- 
nostic lumbar puncture.*®'®*'®®'®®'*®'®*'®® ®® 
Four additional cases have been re- 
ported recently following intrathecal 
penicillin treatment for pneumococcal 
meningitis. Turn of them died. The 
source of the B. pyocyaneus was traced 
in 2 of the cases to penicillin solutions 
contaminated by syringes used to with- 
draw the drug for injection.®*'’ 

Treatment and Mortality. Evans®® and 
Kerman et al.*^ re’idewed the pre\dously re- 
ported cases of Ps. xruginosa meningitis 
and found mortality rates ranging from 52 
to 85% in different groups of cases. The 
higher mortality rates were noted in pa- 
tients -ndth other complicating conditions 
or where the pyocyaneus infection involved 
other parts of the body. In meningitis due 
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to this organism, without infection else- 
where, the mortality has usually been 
about 50 %. 

Since the advent of sulfonamides and 
penicillin, these agents have been used 
singly or in combination in the treatment 
of 21 reported cases of Ps. snigmosa men- 
ingitis with 15 deaths.^’'^-'®'^’''*^’’® Treat- 
ment early in the course of the disease 
resulted in recovery in 4 cases treated by 
Wise'^® with sulfanilamide. The results in 
other sulfonamide treated cases, however, 
have not been favorable. In vitro experi- 
ments have shown Ps. leriiginosa to be one 
of the most resistant organisms to the 
action of penicillin.' During the treat- 
ment of 400 cases of head wounds with 
sulfadiazine and penicillin in an Army 
hospital, Botterell and Magner'® encoun- 
tered 11 cases of Ps. xniginosa meningitis; 
9 of them died of this infection despite 
intensive sulfadiazine and intramuscular 
and intrathecal penicillin therapy. Agul- 
nik® reported a fatal case in a newborn 
infant follovnng circumcision. His case 
was treated with sulfadiazine, sulfapyri- 
dinc and penicillin. Penicillin has proved 
of little value in treatment of Ps. sirnginosa 
meningitis^ '® '’ and has been sho^\m to be 
without value also in the treatment of 
pyocyaneus bacillus infections elsewhere in 
the liody.'®'"*'^® 

The in vitro resistance of Ps. xruginosa 
to streptomycin has been found to be of 
a relatively high degree when compared 
with an organism like PastcurcUa tularcnsr. 
The latter is inhibited by 0.15 to 0.3 units 
of streptomycin per ml.®'"' whereas most 
strains of P.s. s>rngi7iosa require 25 to 
100 iinits of streptomycin per nil." ®'-®’ 
Streptomycin has been shown to protect 
mice inoculated with lethal dose.s of P.s. 
n'nigitinsn.'^' 

Recently Cairns rt ni.^~ reported 3 cases 
of pyocyaneus meningitis which were 
treated by sulfonamides, penicillin and 
intrathecal streptomyciTi; all 3 patients 
died. It is noted, however, that treatment 
was begun late in the course of the <lisease 
in 2 of Cairns’ cases — approximately 10 
days after onset, while the time of institu- 


tion of treatment in the third case was 
not given. 

Case Reports. Case 1. A 14 year old 
white male, a known epileptic, was admitted 
to the hospital after a seizure. A diagnostic 
lumbar puncture revealed normal spinal 
fluid. Twenty-four hours later the tem- 
perature rose, signs of meningitis developed 
and a second lumbar puncture revealed puru- 
lent fluid containing 1300 leukocjdes per 
c.mm. of Avhich 95% were polj’-morpho- 
nuclears. Treatment with intrathecal and 
intramuscular penicillin and oral sulfadia- 
zine was begun. Repeated lumbar punc- 
tures revealed similar cjdologic findings and 
Ps. sernginosa was cultured from each speci- 
men of cerebrospinal fluid. 

No improvement followed the use of pen- 
icillin and sulfadiazine. On the 4th day 
penicillin was stopped and streptomycin 
therapy instituted. The first dose consisted 
of 0.05 gm. (.50,000 units) intrathecall}’- and 
1 gm. (1,000,000 units) intramuscularly; this 
was followed bj’’ 1 gm. intramuscularly every 
6 hours for a period of 7 days. He was 
given 2 intrathecal injections of strepto- 
mycin, 0.05 gm. each, on the following day, 
and thereafter 1 daily intrathecal injection 
of 0.05 gm. for 7 da}’s. Sulfadiazine therapy 
was stopped on the 9th day of the disease 
because of the development of crystalluria. 

The temperature returned gradual^’ to 
normal during the first 4 daj's following 
institution of streptomycin therapy and 
clinical improvement was rapid. Daily 
spinal fluid e.xaminations .showed a decrease 
in the total number of leukocyte.s with an 
increase in the percentage of lymphocytes. 
Cultures of the spinal fluid revealed Ps. 
xniginosn on the 2nd and 4th days of 
therapy but later ones were all negative. 
A total of 28 gm. of streptomycin was given 
intramuscularly and 0.45 gm. intrathecally. 
Except for some fever there were no un- 
toward reactions to the streptomycin. The 
patient was discharged from the hospital 
20 days after onset of his di.«easo. apparently 
cured and with no e\idcnce of residual 
neurologic damage. The relevant findings 
in this case are .«hown in Figure 1. 

Case 2. The more important findings 
in this case are shown in Figure 2. On the 
llth day of this infant’s life an ulcerated 
area on a congenital cer\-ical meningocele 
was d^brided. One day later signs of men- 
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Fig. 2. — Important findings in Case 2. 
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ingitis developed and Ps. seruginosa was 
cultured from cerebrospinal fluid obtained 
by puncture of the ventricle through the 
fontanelle. After 4 days of ineffective treat- 
ment vdth intramuscular and intraventricu- 
lar penicillin, that drug was stopped and 
streptomycin treatment started. The dose 
of streptomycin was 0.05 gm. every 6 hours 
intramuscularly and 1 intraventricular dose 
of 0.025 to 0.05 gm. daily in alternate lateral 
ventricles. Convulsions and opisthotonos, 
which were present before this therapy, 
gradually subsided and the temperature re- 
turned to normal within 5 days after institu- 
tion of streptomycin therapy. From the 
6th to the 10th day of streptomydn treat- 
ment the temperature showed a gradual rise 
and at this time intraventricular strepto- 
mycin was stopped. During this period the 
ventricular fluid had become somewhat 
bloody in appearance. Four daj’’s after ces- 
sation of the local streptomycin injections 
the temperature returned to normal and the 
cerebrospinal fluid had cleared markedly. 
Cultures of the fluid from the right lateral 
ventricle were positive for Ps. mmginosa 
through the lOth da 5 '' of therapy and from 
the left lateral ventricle through the 27th 
day of treatment. A right facial paralysis 
appeared on that day and persisted. The 
infant was discharged from the hospital 
8 weeks after cessation of therapy, appar- 
ently cured of the meningitis but with 
eddence of residual central nervous system 
damage. A total of 6.5 gm. streptomycin 
was given by the intramuscular route and 
0.55 gm. b}" the intraventricular route. 

Bacillus Pnoxicus I\Iexingitis. PoPi- 
ogencsis. Meningitis due to B, profeiis 
usually occurs by direct extension from an 
adjacent otitis media or mastoiditis.®® It 
has occasionally been reported in the 
course of septicemia associated with infec- 
tions in other parts of the body.*® No 
instance of this condition occurring as a 
result of a spinal anesthesia or lumbar 
imncture procedure was found in the 
literature. 

Trcaivinti and Morialitg. Prior to the 
advent of sulfonamides the mortality rate 
of meningiti.s due to B. j^rotru.’! was over 
90^. The use of sulfonamides has ap- 
parently been associated with a reduction 


in the mortality rate in the few cases that 
have been reported.®'’®'"'®®’®®-®'-®®’®®’^® 

B. prokus has been considered resistant 
to penicillin, 5 to 10 units per ml. being 
necessary to inhibit this organism 
Stewart,®^ however, postulated that de- 
spite the relatively high degree of resis- 
tance to penicillin, this drug may be useful 
in treating certain B. proiens infections 
wdiere the penicillin can be applied topi- 
cally in high concentrations. He reported 
the elimination of B. protons from the ears 
of certain patients with chronic suppura- 
tive otitis media by the use of high local 
concentrations of penicillin in the form of 
a gel. On the basis of the relatively high 
degree of resistance of B. protons to pen- 
icillin, however, the use of this drug in 
the treatment of meningitis due to B. 
protons would not seem indicated. 

B. jnoteus is moderately sensitive in 
vitro to streptomycin, being inhibited by 
2 to 8 units per ml.’'*-®*-'”'®® Streptomycin 
also protects chick embryos against e.v- 
perimental infections with B. protons.^" 
KeeferV' report on the clinical use of 
streptomycin includes 3 cases of B. proton.'} 
meningitis, 1 due to B. protons morgani 
and the others due to B. protons vulgaris. 
One of the patients with B. protons vul- 
garis died; the other 2 patients survived. 
The time of institution of treatment in 
relation to the course of the disease was 
not stated. 

C. \sE 3, A 4 month old infant developed 
signs of meningitis following an operation 
on a congenital meningocele. Culture of 
the meningocele fluid revealed B. protons 
Ttiorgani. After 6 days of treatment with 
penicillin given intramuscularly and into the 
meningocele sac and 2 days of oral sulfa- 
diazine, there was clinical improvement and 
the fever was decreasing but B. protons 
nwrgani was still present in cultures of the 
meningocele fluid. 

At this point other medications were 
stopped and streptomycin therapy begun. 
Streptomycin, 0.05 gm., was injected directly 
into the meningocele sac once daily for 
7 days and 0.1 gm. was given intramuscu- 
larly every 6 hours for 10 da.vs. Cultures 
of the meningocele fluid were negative after 
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streptomycin treatment was begun but the 
temperature showed a gradual upward 
swing and the infant seemed worse clinically. 
Sulfadiazine treatment was reinstituted and 
the local injections of streptomycin were 
discontinued on the 7th day of this therap3'. 
Four days later the temperature returned 
to normal and the infant seemed better 
clinically. Although clinical improvement 
coincided with the reinstitution of sulfadia- 
zine it seems that streptomycin was chiefly 
responsible for the favorable result in view 
of the fact that cultures of the meningocele 
fluid became negative only after institution 
of streptomycin treatment. Subsidence of 


the low bactericidal properties of the blood 
against 11 . injlncnzx, Type b, in infanc^^ 
as shown by Fothergill and Wright-^^ 
Pittman^* classified some of the smooth, 
encapsulated strains of II. infliicnzie into 
Types a and b, and later described 4 ad- 
ditional types on the basis of a precipitin 
test.^®“ T^'pe b is the causative agent in 
about 95% of the cases of meningitis due 
to II. injlvenzx.*'^^'^^ Docliez et al.^^ noted 
that during e.xperimental infections of 
chimpanzees with the virus of the common 
cold, when II. infliicnzx is present in the 
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Fig. 3. — Significant data in Case 3. In addition to the therapy shown in this^figure penicillin was 
injected into the meningocele sac daily until streptomycin treatment was started. 


fever and clinical improvement also coin- 
cided tsdth cessation of injections of strepto- 
mycin into the meningocele sac. The infant 
had an uneventful convalescence. A total 
of 4.8 gm. of streptomycin was given by the 
intramuscular route and 0.35 gm. 63' the 
intrameningocele route. The more impor- 
tant findings in this case are summarized in 
Figure 3. 

Hemophilus Influenza Meningitis. 
Pathogenesis. Hemophilus influenzx men- 
ingitis is chiefly a disease of early child- 
hood, 60 to 80% of the cases occurring 
during the first 2 years of life."^ This age 
incidence may be explained, in part, by 


nasophar\mx of these animals, a trans- 
formation takes place from the serologi- 
call3’^ non-t3'pe-specific rough form of H. 
mflucnzie to the serologicall}^ specific 
smooth form; during health3' periods there 
is a reversion to the rough form. Smooth 
pathogenic strains of H. infiitenzx are en- 
countered most often in the human naso- 
phar3mx during acute inflammatory proc- 
esses while rough and presumably non- 
pathogenic strains are most often found 
in the normal nasophar3Tix.“-®® Menin- 
gitis is probabl3" acquired 63" invasion of 
the smooth pathogenic strain through the 
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respiratory tract by way of the blood 
stream. 

Treatment and Mortality. The mortality 
of H. injlnenzse meningitis has been reduc- 
ed from SO to 98% to 15 
since the introduction of combined sulfon- 
amide and type-specific rabbit antiserum 
therapy. H. inflnenzx has been consid- 
ered relatively resistant to penicillin.^ 
Straker®'’ and Forgacs,®® however, reported 
the isolation of smooth strains, Type b, 
from human meningeal infections that 
were sensitive to penicillin to about the 
same degree as the standard Oxford strain 
of Staphylococcus mircus. Hewitt and 
Pittman®® tested the sensitiwty of 38 
strains of //. inflvenzx isolated from cases 
of human infection and found them to be 
inhibited by 0.18 to 1.5 units per ml. of 
commercial penicillin (predominantly pen- 
icillin G) and by 0.05 to 0.75 unit per ml. 
of penicillin X. Forgacs ct al.^^ describe 
improvement in a patient with 11. influ- 
rnzx Type B meningitis on penicillin ther- 
apy alone. McIntosh and Drysdale'*® 
treated a case of II. inflnenzx Type b 
meningitis successfully with penicillin and 
sulfamezathine. The organism isolated 

from this patient was somewhat less sen- 
sitive to penicillin than the standard 
staphylococcus. Landaid® described an 

infant with an empyema due to II. infln- 
nizx Type b which persisted despite sul- 
fadiiizine, type-specific antiserum and a 
thoracotomy, and apparently cleared up 
only after institution of penicillin irriga- 
tions of the empyema cavity. The total 
number of reported cases of II. inflnenzx 
meningitis that were treated with peni- 
cillin are too few to warrant any conclusions 
concerning its efficacy in this disease. 

//. inflnenzx has been found in rifro to 
be sensitive to streptomycin, being inhib- 
ited by 1.5(5 to 1.5 units per nil.® "’ ®®*® 
•Mexander and Lcidy® found that strepto- 
mycin protects mice against experimental 
//. inflnenzx infections and that this pro- 
tection is not enhanced by the concurrent 
\ise of sulfadiazine. They also fo\ind that 
the streptomycin alone is more cfTcctive 
against 11. inflnenzx infections in mice 


than Type b specific antiserum used in 
conjunction with sulfadiazine. Hewitt 
and Pittman®® found that streptomycin is 
the most effective agent in protecting mice 
against experimental infections with H. 
inflnenzx. 

Clinical in Contrast to Experimental 
Reports. Logan and Herrell'*^ reported 
the use of streptomycin along with sul- 
fonamides and specific antiserum in the 
treatment of 4 patients with H. inflnenzx 
meningitis. The infection was apparently 
controlled in each of these 4 patients but 
1 of them later died of hydrocephalus. 
Butler et al.'^ reported recovery of a patient 
with II. inflnenzx meningitis treated with 
streptomycin, sulfadiazine and Type b 
rabbit antiserum. 

Birmingham ct al.^~ reported on the 
treatment of 8 eases of II. inflnenzx 
meningitis — 4 patients reeovered, 3 died 
and in 1 streptomycin therapy was given 
up in favor of sulfadiazine and antiserum. 
In 1 of the patients who died, the organ- 
ism became resistant to streptomycin dur- 
ing treatment. Nussbaum rt al.^ used 
streptomycin and sulfadiazine in the suc- 
cessful treatment of 3 infants below the 
age of 2 years. Weinstein"® used strepto- 
mycin in 9 cases of II. inflnenzx meningitis 
with 2 deaths, 1 of them due to a com- 
plicating staphylococcal infection. The 
prompt clinical and bacteriologic response 
to streptomycin therapy in the survivors 
was dramatic. In the 100 cases of II. in- 
flnenzx meningitis treated with strepto- 
mycin under the auspices of the National 
Research Council,®^ the mortality was 
17 %. In many of these patients, strepto- 
mycin treatment was begun only after 
other forms of treatment had failed. 
.Alexander el al.'‘ more recently reported 
25 ca.sc.s treated with streptomycin alone 
or combined with other agents, with 3 
deaths. In 2 of her cjises resistant strains 
of II. inflnenzx developed during strepto- 
mycin therapy. 

C.\sE 4. An 8 month old infant was ad- 
mitted to the ho.-pital after 1 day of fever, 
hypcrirritability and eme.«is and was found 
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to have H. influcnzx Tj'pe b meningitis. 
Without other previous or concomitant ther- 
apy, streptomycin treatment was instituted 
36 hours after the onset of S 3 Tnptoms. The 
streptomycin was given intrathecallj’', 0.05 
gm. as an initial dose and then 0.025 gm. 
was given once a daj' for S days. In addition, 
0.2 gm. was given intramuscularly everj' 
6 hours for 16 da.vs. Cultures of the cere- 
brospinal fluid promptly' became negative 
and the cerebrospinal fluid sugar level re- 
turned to normal within 2 day's after this 
treatment was started. The temperature 
showed a decided drop on the 4th day' of 
treatment and this was associated with 
clinical improvement. There were irregular 


temperature rose abruptly' and the signs of 
meningitis became more marked. On that 
day' the cerebrospinal fluid showed an in- 
crease in the number of cells and gram-nega- 
tive bacilli were noted in stained smears of 
the cerebrospinal fluid but cultures of the 
same fluid were negative. Other medica- 
tions Were then stopped and streptomy'cin 
was begun on the 12th day' of the disease. 
The streptomy'cin was given intramuscularly', 
0.2 gm. every 6 hours for 6 day's, and intra- 
thecally' 0.025 gm. once daily' on 3 consecu- 
tive day's. During the period of .strepto- 
my'cin therapy the fever persisted. Signs of 
serum sickness were noted on the 14th day' 
of the disease. The number of cells in the 
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Fig. 4 . — Case 4. Strepfomj'cin was the only antitecterial agent used in this case. 


elevations of temperature through the 15th 
day' of treatment. A total of 11.6 gm. of 
streptomy'cin was given intramuscularly' and 
0.225 gm. intrathecally'. The infant was 
apparently' cured, v'ithout et'idence of resid- 
ual central nervous sy'stem damage. Figure 4 
shows the relevant findings in this case. 

Case 5. An 11 month old infant was ad- 
mitted to the hospital after a few hours of 
I'llnpcs and found to have meningitis. Cul- 
tures of the blood and cerebrospinal fluid 
yielded ff. inflvenzx, Ty'pe b. For a period 
of 10 day's treatment consisted of sulfadia- 
zine, penicillin and 2 injections of specific 
rabbit antiserum. During this time the 
patient’s condition seemed to improve 
slightly. On the 11th day, however, the 


spinal fluid decreased and organisms could 
no longer be seen in stained smears after 
the 1st day' of streptomycin therapy'. The 
temperature, however, did not return to 
normal until several day's after cessation of 
streptomy'cin treatment. A total of 4.4 gm. 
was given by' the intramuscular route and 
0.75 gm. intrathecally'. 

Sensitivity of Organisms. The strep- 
tomycin sensitimty' of the organisms ob- 
tained from the present cases was de- 
termined by' the serial dilution tube 
method.-^” The Ps. aienig'mosa isolated 
from Case 1, before streptomycin treat- 
ment, grew in 250 units per ml. penicillin 
but was completely inhibited by 25 to 
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50 units per ml. streptomycin on different 
occasions. The Ps. serugmosa obtained 
from Case 2 before streptomycin therapy 
was completely inhibited by 50 units per 
ml. streptomycin. Strains of Ps. serugi- 
nosa cultured from Cases 1 and 2 during 
the streptomycin treatment were no more 
resistant to streptomycin than the pre- 
treatment strains. The B. froieus mor- 
gani isolated from Case 3 before treatment 
was completely inhibited by 50 units per 
ml. streptomycin. The H. infl'iienzx from 
Case 4 was completely inhibited by 1.56 
units per ml. streptomycin. Sensitivity 
of the 11. inflnenzse from Case 5 was not 
determined since the organism seen in 
smear before treatment could not be 
grown and the earlier cultures from this 
patient were not available. 

Streptomycin Concentrations in the 
Cerebrospinal Fluid and Blood. Strep- 
tomycin concentrations in cerebrospinal 
fluid and plasma were determined by a 
serial dilution tube method using strain 
"T” of Klebsiella 'pnmmoiiise as the test 
organism.*^® Streptomycin, usually 0.05 
gm. (50,000 units), was given topically 
once daily to these patients. In Case 1, 
a 14 year old boy, the concentration of 
streptomycin in the cerebrospinal fluid 
24 hours after the preAdous intrathecal 
injection of 50,000 units ranged from 3 
to 25 units per ml., during the period of 
treatment. In this same patient, cerebro- 
spinal fluid contained 400 units per ml. 
streptomycin 14 hours after the local in- 
jection of the same amount. In Case 2, 
a 2 week old infant, streptomycin con- 
centrations in tlie ventricular fluid ob- 
tained 24 hours after a previous intra- 
ventricular injection of 50,000 units ranged 
from 0 to 200 units per ml., over a period 
of several days. The meningocele fluid 
in Case 3, a 4 month old infant, obtained 
24 hours after a previous intramcningocele 
injection of 50,000 units contained from 
20 to 160 units per ml. In Case 4, an 
3 month old infant, cerebrospinal fluid 
concentrations of streptomycin ranged 
from 2.5 to 10 units per ml., 24 hours 
after the previous intrathecal injections of 
50,000 units of streptomycin. 


Plasma streptomycin concentrations in 
Case 1, obtained 6 hours after intramuscu- 
lar injections of 1 gm. (1,000,000 units) of 
streptomycin, ranged from 6 to 13 units 
per ml., during the treatment period. 

Untoward Effects of Streptomyci.v. 
The intramuscular administration of strep- 
tomycin was attended by no harmful ef- 
fects save for the development of a 
subcutaneous sterile abscess at the site 
of repeated intramuscular injections in 
Case 2. The total daily intramuscular 
dose of streptomycin ranged from 0.2 gm. 
for Case 2, the newborn infant, to 4 gm. 
for Case 1, the 14 year old boy. The 
individual intramuscular doses were given 
every 6 hours in 1 to 4 ml. of sterile 
normal saline. 

In Cases 1, 2 and 3, there was an eleva- 
tion of temperature and an increase in 
cells in the cerebrospinal fluid associated 
with the injections of topical streptomycin. 
Birmingham et al.^- noted an aggravation 
of the meningeal signs and an increase in 
the number of cells in the cerebrospinal 
fluid in 2 patients recei\nng intraspina( 
streptomycin. The increases in fever, in 
the number of cells in the cerebrospinal 
fluid and in the severity of clinical signs 
in Cases 2 and 3 seem definitely related 
to the local injections of streptomycin, 
since they oceurred during treatment and 
subsided promptly after the local injec- 
tions were stopped. In Case 1, there was 
an increase in the number of cells in the 
cerebrospinal fluid associated with fever 
on the 6th day of intrathecal therapy; the 
fever promptly subsided after cessation 
of the intrathecal streptomycin, but this 
also coincided with the cessation of intra- 
muscular streptomycin. 

The local injections of streptomycin 
were usually given daily and consisted of 
0.05 gm. in 1 ml. of sterile normal saline. 
Cerebrospinal fluid was withdrawn into 
the s\Tinge containing the streptomycin 
solution and the dose slowly delivered. 
Xo immediate untoward effects from these 
injections were observed. 

Comment. In evaluating the role of 
streptomycin in the cases of Ps. seruginosa 
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meningitis, in Case 1, the clinical and bac- 
teriologic response of the patient following 
institution of therapy was prompt. In 
this patient, the infection followed lum- 
bar puncture and streptomycin was started 
relatively early in the course of the disease 
but only after several days of apparently 
ineffective penicillin and sulfadiazine ther- 
apy. In Case 2, streptomycin therapy 
was not begun until the 7th day of the 
disease after 4 days of ineffective penic- 
illin therapy; the response of the infant 
to streptomycin was only gradual and 
there was evidence of residual damage to 
the central nervous system after treat- 
ment. However, the fact that the infant 
survived at all is remarkable inasmuch a 
Ps. asmginosa is apparently a much more 
^^rulent organism for infants than for 
adults. In the period of 7 days before 
streptomycin was begun, there was more 
than ample time for Ps. xruginosa to have 
inflicted severe damage on the central ner- 
vous system such as has been reported by 
Cairns et E^^dently streptomycin 

,was responsible for the survival of this 
infant. 

In Case 3, with B. proteus morgani men- 
ingitis, organisms disappeared from the 
cerebrospinal fluid only after the institu- 
tion of streptomycin therapy, though some 
clinical improvement had occurred during 
the preceding period while penicillin and 
sulfadiazine were being given. Here 
again the recovery may be ascribed to 
the streptomycin. 


In Case 4, with H. influenzx meningitis, 
streptomycin therapy was attended by a 
prompt clinical and bacteriologic response. 
Since no other medications were used in 
this patient, streptomycin would seem 
responsible for the cure obtained in this 
infant. The role of streptomycin in Case 
5, however, is more difficult to evaluate. 
In view of the failure of the patient to show 
an adequate response to the previous 
treatment, this infant, in addition to hav- 
ing serum sickness, probably was under- 
going an exacerbation of her disease. Such 
a course is not uncommon in H. influenzx 
meningitis.’'- The severity of the men- 
ingeal and cerebral symptoms, the increase 
in the number of cells and the occurrence 
of organisms in the cerebrospinal fluid all 
suggest that the institution of strepto- 
mycin at this point may have affected a 
resolution of the disease process. 

The transient untoward effects of local 
use of streptomycin in Cases 2 and 3 and 
probably in Case 1, would indicate that 
the intraventricular and intrathecal routes, 
for the administration of streptomycin 
should be used with caution. 

Conclusion. Two cases of Ps. xniginosa 
meningitis, 1 case of B. proteus morgani 
meningitis and 2 cases of H. infiucnzx 
Type b meningitis were successfully 
treated vdth streptomycin. Streptomycin, 
administered by the intrathecal and intra- 
muscular routes would seem to be the 
drug of choice in the treatment of men- 
ingitis due to these gram-negative bacilli. 


Case 1 was from the Fifth Medical Service (Boston University), Cases 2 and 3 were from the Neuro- 
surgical Service and Cases 4 and 5 were from the Pediatrics Service. We are indebted to the physicians 
and surgeons of these services for the privilege of studying these cases. 

The streptomycin was provided bs^.the National Research Council from supplies assigned for clinical 
investigations recommended b 3 ' the Committee on Chemotherapeutics and Other Agents. 
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THE SIGNIFICANCE OF THE MYELOID MATURATION CURVE IN MATERIAL 
ASPIRATED FROM THE STERNAL BONE MARROW 
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ASSOCIATE PJlOFESSon OF MEDICINE 
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Marioeie L. Hunt, M.P.H, 

RESEARCH ASSISTANT 
SAN FnANClSCO, calieohnia 

(From the Division of Medicine, vSub-division of Preventive Medicine, University of California 

Medical School) 


The differential count of material aspi- 
rated from the sternal marrow cavity offers 
a method for the study and evaluation of 
cytologic changes which occur in diseases 
involving the hematopoietic system. The 
data upon which this study was based 
consist of a series of differential cell counts 
of the hone marrow from 165 inditnduals, 
159 of whom were afflicted, either pri- 
marily or secondarily, with a variety of 
diseases affecting the hemo-lj^mpho-poietic 
system. The bone marrow aspiration 
technique justifies itself by making avail- 
able data upon which a more specific 
diagnosis maj’’ be made and by providing 
a method for further inquirj' into the 
causes and nature of disorders affecting 
the formation of blood cells. 

Methods. I. The Technique of Sternal 
Puncture and the Preparation of Bone 
M.A.RROW for Exashnation. All samples 
of bone marrow were obtained by puncture 
of the sternal marrow cavdty in the midline 
at the level of the third rib. Less than 0.5 cc. 
of marrow pulp was forcibly aspirated. 
CoversUp preparations were made, stained 
vdth Wright’s stain, and differential counts 
of 300 to 500 marrow cells were made from 
man)’' suitable fields. 

11. Criteria of Cell Types, (a) The 
Myeloid Series. The classification by which 
the cells of this series were identified is that 
described by Naegeli,^ and further defined 
by Nordenson,” and Wintrobe.^ 

(b) The Erythroid Series. The descrip- 
tions of the cells of this series also follow 
those given by Naegeli® and the differential 
criteria of classification are consistent with 
those described by Segerdahl,” Nordenson.i® 
Schulten,’- and Wmtrobe,“ with the excep- 


tion that Schulten refers to the megaloblast 
of Naegeli as a pro-er 5 ’throblast. In this 
paper, the er 3 ’thropoietic cells were differen- 
tiated into the megaloblast, the earliest defin- 
able form of the er 3 ’'throid series, the erythro- 
blastf the intermediate form containing a 
“spoke wheel” nucleus, and the normoblast, 
the sm.al]est form containing a dense pyk- 
notic nucleus and hemoglobinized c)d;oplasm. 

(c) The Lymphocytic, Monocytic and Plas- 
ma Cell series were classified according to the 
criteria of Naegeli. 

HI. Analysis of Data. All numerical 
data were analj'-zed bj' the use of standard 
statistical methods.® 

The normal series of bone marrow differ- 
ential counts consists of 1 analysis from each 
of 6 normal indhdduals. The means and 
standard derialions for each cell type are 
sho'cm in Table 1. Those figures which are 
significant in terms of their standard errors 
are italicized and are used as a basis for 
judging the unusual occurrence of any given 
type of cell found in the bone marrow in 
conditions of disease. Variations of more 
than 3 sampling errors from the mean of the 
normal group are considered to have prob- 
able diagnostic significance, and variations 
of 2 to 3 sampling errors are considered to 
have only possible diagnostic significance. 

A selection of authors whose techniques 
agree iiith and whose data resemble those 
presented here is given in Table 2. For 
purposes of comparison the differential 
counts of the myeloid series were expanded 
to a base of 100. 

The clinical series of bone marrow differ- 
ential counts were tabulated on 159 patients 
suffering from a variety of diseases which for 
reasons of simplification were classified into 
24 categories. The calculated mean for each 
cell tjqie for each disease is listed in Table 3. 
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Those values which are significant in terms 
of their standard errors and which de^^ate 
more than 3 sampling errors from the mean 
of the normal group are italicized and 
those which deviate between 2 and 3 sam- 
pling errors are indicated with bold type. 
The italics in parenthesis indicates sig- 


their occurrence in the normal bone marrow, 
the unusual exception being the value of 
15.9 for unclassified cells (primitive histio- 
cytes) which occurs in monocytic leukemia. 

Brief Review of the Liter.\ture. 

According to tlie literature, the differential 


Table 1. — Mean Vaeites of the Differential Cell Counts of the Bone Marrow 

From 6 Normal Individuals 
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Values which arc sitrnificnnt in terms of their standard crror.s arc italicized. 


Table 2.— A Comparison of Data From Selected Authors Showing the Maturation Curve of 
the Myeloid Series of Normal Bone Marrow Obtained by Aspiration 


(Value.s Expanded 
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6 
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nificant deviations from the normal but the 
standard errors of these values are so great, 
possibly due to the smallness of the sample 
under consideration, that they are of less 
significant value for com])arativc jiurposes. 
The values which arc in boh! italics are 
of diagnostic significance because of their 
magnitude and because of the scarcity of 
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garded as of definite value in: 


1. The Differential Diagnosis of the 
Anennas. Rcicld^ flc.scribed several cases 
in which he was able to flifferentiate the 
variety of anemia by means of the differ- 
ential count of the bone marrow. Isaacs^ 



Tadi.e 3.--TnB Calculated Mean Values op the Cell Types in Bone Mahhow Obtained By Abpihation From Normal 

AND Diseased Individuals 

Lymphocytic 
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observed a phenomenon in the bone mar- 
row which he designated the stage of 
“block of growth.” He suggested that 
the anemias may be classified in terms of 
the stage at which inhibition of the pre- 
cursors of the red blood corpuscles occurs. 
For e.xample, inhibition of development 
at the level of the primitive blast stage 
would be considered characteristic of aplas- 
tic anemia; inhibition of development at 
the megaloblast stage would be considered 
characteristic of pernicious anemia, many 
of the macrocytic anemias, and in some 
instances of cirrhosis of the liver; and 
inhibition or delay of development at the 
level of the normoblast stage would be 
observed frequently in leukemias and 
infections. 

Our observations, on the other hand, 
indicate that the only outstanding diag- 
nostic feature of the bone marrow with 
reference to the erythropoietic series is the 
presence of a predominance of megalo- 
hlasts in pernicious anemia. 

2. Establishing a Diagnosis of a Dis- 
order of the Hematopoietic Systejn. The 
dilTcrential count of the bone marrow is 
believed to have diagnostic significance in 
subleukemic monocytic leukemia and in 
aplastic anemia;*’’ aleukemic lymphatic 
leukemia;’® aleukemic leukosis;’ Gaucher’s 
disease, certain carcinomas, and malaria;-’ 
anemias due to deficiency of liver complex, 
myelomatosis, and subleukemic and leu- 
kopenic leukosis;’® in doubtful or obscure 
anemias;' '’ -'’ and in doubtful or obscure 
leukemias.’ 

8. Confirming a Diagnosis of a Disorder 
of the Hematopoietic System. This has 
been demonstrated in multiple myeloma, 
alc\ikemic leukemia, and Banti’s di.s- 
en.se;-’’ agranulocytosis, aplastic anemia, 
polycythemia, hemolytic jaundice, sprue, 
pernicious anemia, leukopenic infectious 
monocytosis, and leukemia;-’ and in kala 
azar and relapsing fever.’®- 

Discussion. 1, The Normal Bone Mar- 
row Differential Count. A comparison of 
the mean normal value.s of the bone mar- 
row difTcrential count found in the pub- 
lications of a large group of authors, as 


Avell as a selected group (Table 2) chosen 
because of similarities in techniques, 
showed such disparity that it was consid- 
ered inadvisable to refer for interpretation 
any potentially pathologic bone marroAV 
counts to the “normal” values already 
published. In other words, the interpre- 
tation of a bone marrow differential count 
must be referred to a set of standard mean 
values determined by a given observer on 
a series of normal individuals. Under the 
best of cireurastances when a small 
amount of marrow pulp is forcibly aspi- 
rated and then examined, the differential 
count will give a quantitatix^e approxima- 
tion of the qualitative cytologic variation 
of the marrow in situ. An attempt to 
compare, and use as a base line, the curves 
of myeloid maturation calculated from the 
data of various investigators serves no 
useful purpose because they are not com- 
parable. The differences in actual num- 
bers for the various cell types, as found 
in the literature, may be due to: (1) dif- 
ferences in nomenclature and definition of 
cell types; (2) the degree of dilution of the 
marrow pulp Avith blood; (3) nutritional 
and environmental changes to which the 
population under analysis is subjected; 
(4) statistical errors induced by small 
sampling; and (5) variations of chance. 

II. The Bone jMarroav Differenti.m, 
Count in Disease, (o) Pernicious Ane- 
mia. In pernicious anemia there is a 
marked absolute increase in mcgaloblasts 
during relapse and a rapid conversion of 
megaloblastic to normoblastic marrow 
after specific treatment.’-® The shift 
in the curve of maturation in pernicious 
anemia, from megaloblastic to normobla.s- 
tic following treatment with liver sub- 
stance is described by Limarzi and Ix^vin- 
son,“ who noted an unusual morphologic 
Cell change involving multipolar mitosis 
and the formation of multinucleated 
erythroblasts. According to Nordenson,’” 
the disturbance in the maturation process 
also in\-olvcs the myeloid series. The pro- 
myelocytes and myelocytes become larger 
than usual and their nuclei become swollen 
and porous (dyspoietic). The chromatin 
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framework is condensed and knotted in- 
stead of being evenly distributed through- 
out the nucleus. “The degenerative 
changes are almost pathognostic for per- 
nicious anemia, though a suggestion of 
similar changes has been observed in lym- 
phogranulomatosis, granulocytopenias and 
severe anemias in cancer.” Schleicher'® 
considered the morphologically altered 
reticulum found in pernicious anemia to 
be of diagnostic significance for that dis- 
ease and its biologic variations. He also 
stated that, “Under specific therapy or 
spontaneous remission the diseased reticu- 
lum seems to become depleted and thus 
proliferation of pathologic stem cells 
ceases. The maturation process of the 
promegaloblast is apparently promoted, 
however, developing into a normoblast- 
like erythroblast rather than [a] true 
normoblast.” 

Our data on 7 cases of pernicious anemia 
show' a significant* increase in megalo- 
blasts with emdence of myeloid irritation 
and a slight shift of the myeloid curve to 
the left (Table 3). 

(b) Plasma Cell Myeloma. Vogel et aU^ 
noted in plasma cell myeloma a definite 
increase in plasma cells "ranging from a 
true plasma type to a more undifferenti- 
ated one” and described a case in which 
20% of the bone marrow' cells were of 
these varieties. 

Our 7 cases of plasma cell myeloma 
showed a mean incidence of 13.6% plasma 
cells. This value is statistically significant. 
An incidence of plasma cell values beyond 
6 % in the bone marrow may be considered 
diagnostic of myelomata. 

(c) The Leiihemias. (1) In myeloid leu- 
kemia the myeloblasts are present in 
appreciable numbers in the acute form 
and myelocj'tes predominate as the dis- 
ease progresses to the chronic form.*’'®”* 
In our series the myeloid maturation curve 
shifts to the left in the direction of greater 
numbers of the earlier forms of the mye- 
loid series (Table 3), the greatest change 


being found in the promyelocytes followed 
by the myelocytes and lastly the myelo- 
blasts. The calculated values for myelo- 
blasts and promyelocytes show a definite 
deviation from the normal but their sig- 
nificance is diminished because of the 
smallness of the sample. Similar changes 
in each cell type may be found in condi- 
tions other than myeloid leukemia and 
therefore these values are not absolutely 
diagnostic of leukemia but only confirm 
the clinical impression of leukemia. 

(2) In lymphatic leukemia, Nordenson'* 
differentiates the acute form from the 
chronic form by the appearance of increas- 
ed numbers of lymphoblasts in the former 
and of lymphocytes in the latter. Accord- 
ing to Vogel et a/.^® the bone marrow differ- 
ential in this condition shows a definite 
increase in lymphocytes, the precise mor- 
phologic characteristics of which w'ere not 
easily definable. 

In lymphosarcoma, Dameshek' observed 
the presence of many lymphoblasts, while 
Vogel et al.^^ found the bone marrow dif- 
ferential to be normal. 

Our data show a significant increase in 
lymphocytes in both lymphatic leukemia 
and lymphosarcoma. Early forms of the 
lymphocyte appear to be definitely in- 
creased in Ij'mphatic leukemia, but our 
series of cases is too small to determine 
the statistical value of this increase. A 
large number of Ij'mphocytes occurring in 
the bone marrow may be considered indica- 
tive of Ij'mphosarcomatous metastases. 

(3) In monocytic leukemia, Dameshek' 
reported a marked increase in both mono- 
cytes and histiocytes. Vogel et aU'^ re- 
ported 1 case of monocytic leukemia in 
which there were 45% “monocytic myelo- 
blasts,” and 22% monocytes. 

Differentiated monocytes appear so in- 
frequently in the normal bone marrow' 
that any definite increase probably has 
diagnostic significance. Monocytic leu- 
kemia is characterized by a marked hyper- 
plasia of primitive reticulum cells. In our 


* Significance in this instance is based on comparing the mean of the megaloblasts in the disease 
group (pernicious anemia) with the mean of the megaloblasts for aU groups (1=*=0.1), since the mean 
for megaloblasts in the normal group (0.6 — 0.8) was not a significant figure in terms of its standard 
error as shown in Table 1. 
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small series of 3 cases not only were the 
differentiated monocytes present in large 
numbers, but the promonocytes, mono- 
blasts and primitive unclassified cells 
(histiocytes) also appeared in appreciable 
numbers, 

(d) In secondary anemias, Nordenson*® 
found in bone marrow that myeloid stimu- 
lation predominated and that it was ac- 
companied by normoblastic erythropoiesis, 
Dameshek^ reported marked erythroblas- 
tic responses in hemolytic anemia. In 
the anemia secondary to nutritional dis- 
turbances, Vogel et observ'ed normal 
leukopoietic responses associated with 
moderate degrees of erythropoiesis. 

Our group of 15 cases of secondary 
anemia includes anemias due to chronic 
arsenic poisoning, idiopathic hypochro- 
memia with achlorhydria, nutritional dis- 
turbances, dj’^sthyroidism, subacute bac- 
terial endocarditis, carcinomatous metas- 
tases and senility. In general, there is a 
definite increase in normoblasts in any 
condition where there is active regenera- 
tion of red blood corpuscles. These find- 
ings also occur in the hemolytic and 
hemorrhagic anemias and are especially 
noted in the anemia of congenital hemo- 
lytic icterus. A general reduction in the 
cellularity of the marrow is found in 
aplastic, myelosclerotic and myelophthisic 
anemias. 

(r) In polycythemia, the reports of bone 
marrow counts vary from those showing 
a generalized proliferation of the mega- 
karyocytes, erythroblasts and myeloblasts 
(Dameshek*), to those showing changes 
characteristic of an excess of maturation 
factor (Vogel ct alr^). Our observations, 
as do those of Nordenson,'® fail to reveal 
any characteristic findings. 

(/) The morroro in other diseases not 
classified as disorders of the hematopoietic 
system. Vogel ct al.-^ classified such dis- 
eases according to the findings in the bone 
marrow as (1) those producing a myelo- 
poietic shift to the right, (2) those produc- 
ing a rayclopoietic shift to the left, and 
(3) conditions in which the myeloid matu- 
ration curve remains normal. Some diag- 


nostic entities are found to occur in more 
than 1 category, indicating that the 
presence or absence of a shift in the mj'e- 
loid maturation curve in these disorders 
is of little or no significance. In these 
conditions, the shift in maturation which 
occurs in the bone marrow is a character- 
istic of the reactivity of the patient to 
a given disease rather than a character- 
istic of the disease itself. Therefore, 
positive alterations in the bone marrow 
differential counts may be of value only 
in corroborating a clinical diagnosis. 

The differential count of material aspi- 
rated from the sternal bone marrow in this 
group of diseases reveals no findings of 
diagnostic significance except for those 
conditions discussed below. 

Lupus Erythematosus. Dameshek* de- 
scribed 1 case of acute lupus erythematosus 
in wliich the bone marrow was hyperplas- 
tic and there were small areas of necrosis 
"affecting particularly the leukopoietic 
elements. There was an increase in reticu- 
lum cells. . . .” 

Our data on 2 cases of lupus erythema- 
tosus showed bone marrow differential 
counts characteristic of the "leukemoid” 
reaction with a definite shift to the left 
of the myeloid series especially affecting 
the promyelocytes. 

Sarcoidosis. Dressier® was able to diag- 
nose sarcoidosis on the basis of the cellu- 
lar characteristics of material obtained by 
bone marrow puncture. We have been 
unable to confirm these findings in our 
study of 4 cases. 

The Banti Syndrome. According to 
Limarzi et al.,^ the earliest stage of the 
Banti sj-ndrome is characterized by mye- 
loid hyperplasia; later there is maturation 
arrest of the myeloid and megakaryocytic 
tissue, and in the final stages, identified 
by cirrhosis of the liver, the bone marrow 
shows marked immaturity in erj’thro- 
poiesis as well as the above cited changes 
in mj'elopoiesis. In our study of the 
Banti sj-ndrome, the bone marrow re- 
vealed no significant deviations from the 
normal. 

III. The Significa.vce of Eosinophils 
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Occurring in the Bone Marrow. Vogel 
et al?'- reported bone marrow differential 
counts on 15 cases of splenomegaly to be 
essentially normal with an increase in 
eosinophilic myelocytes in a few cases. 
In Hodgkin’s disease he found a slight 
myeloid shift to the left and in some cases 
an increase in eosinophils and reticulum 
cells. 

Our data showed an increase of eosino- 
phils in Hodgkin’s disease, splenomegaly, 
dorso-lateral sclerosis and in sarcoidosis; 
all of them chronic diseases characterized 
by sclerotic or fibrotic changes in the bone- 
marrow or hematopoietic tissues. Eosino- 
phils appear in relatively increased num- 
bers in allergy, certain protozoan infesta- 
tions, and in the repair phase following 
infections. 

IV. The Significance of the Mye- 
loid Maturation Curve. The myeloid 
maturation curve may be defined as the 
curve produced by drawing a line through 
the average numbers of the different cell 
types of the myeloid series from the myelo- 
blast through the successive stages of 
maturation to the polymorphonuclear fila- 
mentous cell.* Under ordinary circum- 
stances, the curve normally progresses by 
relatively regular increments to a peak at 
the polymorphonuclear non-filament stage 
and tends to drop appreciably thereafter. 
Thus the values obtained for the myeloid 
maturation curve in material obtained 
from the sternal bone marrow may be 
closely correlated with the Ameth or 
Schilling indices in the peripheral blood. 
The only condition producing a consistent 
shift of the myeloid maturation cun^e to 
the left in the bone marrow is myeloid 
leukemia. On the other hand the ‘Teuke- 
moid” reaction affects the entire matura- 
tion curve, and quite frequently there is 
a tendency to shift toward the right. In 
myeloid leukemia the curve is definitely 
skewed to the left, while in the “leu- 
kemoid” reaction the curve closely resem- 
bles the normal with the e.vception that 
the total relative number of myeloid cells 


is greatly increased. The “leukemoid” 
reaction occurs in chronic infections, such 
as sepsis and in some cases of tuberculosis; 
in lupus erythematosus, sarcoidosis and 
dorso-lateral sclerosis; in some cases of 
cirrhosis of the liver and neoplasms; and 
as a response to irritation of the myelo- 
poietic tissue in the course of accelerated 
erythropoiesis. 

It was our hope that the differential 
counts of material obtained by aspiration 
of the bone marrow would give informa- 
tion pathognomonic of certain disease en- 
tities involving the hematopoietic system. 
A careful analysis of the data presented 
shows that this laboratory technique adds 
only corroborative evidence of the pres- 
ence of a given disease and only in unusual 
circumstances can a definite diagnosis be 
made based purely on the cytologic 
changes in the bone marrow. Therefore, 
obsen'ations made on the cytologic altera- 
tions of the bone marrow in any given 
case must be interpreted in terms of the 
clinical findings. 

Summary. 1. Differential counts of 
material aspirated from the sternal bone 
marrow were performed on 6 normal indi- 
\dduals and on 148 diseased individuals 
whose illnesses were classified into 24 cate- 
gories. 

2. The mean "normal values which were 
used as a base line for determining sig- 
nificant devdations from the normal com- 
pare favorably m’th data obtained from 
other observers whose techniques were 
comparable. 

3. Significant deviations from the mean 
normal values were noted in myeloid, 
lymphatic and monocytic leukemias, lym- 
phosarcoma, plasma cell myeloma and in 
conditions causing active regeneration of 
erythropoietic tissue such as pernicious 
anemia, secondary anemia and congenital 
hemoljqic icterus. 

4. Diagnostic significance may be at- 
tached to the presence of increased num- 
bers of tnonoci'tes, megaloblasts, or plasma 
cells in material aspirated from the sternal 


* For purposes of calculation of the myeloid maturation curve, the absolute values for the various 
cell tj’pes Tvere based upon 100 myeloid cells. 
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TREATMENT OF PERNICIOUS ANEMIA WITH SYNTHETIC L. CASEI FACTOR 

By Nathaniel B. Kurnick, M.D.* 

With the Technical Assistance of Miss Gertrude Lurinsky 

NEW YORK, NEW YORK 

(From the Second Medical Service of the Mount Sinai Hospital) 


With the synthesis of the L. casn factor 
from liver in 1945/ this newest member 
of the water-soluble vitamins became 
available in adequate supply for clinical 
trial. The exact relationship of this 
material to the folic acid from spinach of 
Mitchell, Snell and Williams,*® by which 
name it is popularly knowm, vitamin Be,®® 
vitamin M,*®’**'*® the norite eluate fac- 
tor,*®'®® S. lactis R and S- lactis U factors,®* 
remains to be established. Certain simi- 
larities are apparent in their biologic 
characteristics. Their close chemical rela- 
tionship is indicated in the recent report 
of the chemical structures of the L. casei 
factors from liver and an S. lactis factor,® 
which differ from each other only in that 
the former contains a molecule of glutamic 
acid. This problem has been fully dis- 
cussed elsewhere, and vdll not be consid- 
ered further here."*'®'®®'®* 

The observation that the leukopenia 
produced in monkeys and rats on deficient 
diets could be corrected by the L. casei 
factor*® ■*®'*® led to its clinical trial in pa- 
tients with leukopenia from various causes. 
Most reports on the treatment of granu- 
locytopenia are unfavorable, but Watson 
et al.^ report good results in cases of 
granulocytopenia due to Roentgen ther- 
apy. Berry et al? report leukocyte re- 
sponses in 5 malnourished patients with 
leukopenia. 

The similarity betiveen the sprue syn- 
drome in man and Autamin M deficiency 
in monkeys which had been successfully 
treated by Day et al}" Avith folic acid led 
Darby®’®'® and Spies®®'®® and their col- 
laborators to exhibit the newly available 


synthetic L. casei factor in a number 
of patients Avith sprue Avith excellent 
results, including a favorable hematologic 
response. 

Darby and Jones'* treated 2 cases of 
sprue with macrocytic anemia Avith 15 mg. 
synthetic folic acid intramuscularly daily. 
Glossitis disappeared on the 4th day. 
Reticuloeyte peaks of 15.3% and 16.1% 
were attained on the 9th day and 4th day 
respectively. Darby, Jones and John- 
son®’® reported similar results in 3 more 
cases of sprue with reticulocyte peaks of 
11 to 43 % on the 6th to 8th days of treat- 
ment Avith 15 mg. folic acid intramuscu- 
larly daily. Hemoglobin, red cell and 
white cell count rises followed. The diar- 
rhea and impaired absorption showed im- 
provement. They calculated® that the 
maintenance dose of folic acid would be 
0.1 to 0.2 mg. daily, Avhile therapeutic 
dosage Avould be in the Aucinity of 1 mg. 
per day. This deduction was based not 
on clinical study but on the fact that the 
chick requirement for the L. casei factor 
was one-fifth to one-tenth that for ribo- 
flavin. Spies et al}’^ treated 3 patients 
Avith sprue and macrocj’tic anemia -ndth 
folic acid, 100 mg. twice daily by mouth, 
Avith a reticulocyte response on the 4th 
to 5th day, reaching a peak of 17.2 to 
22.7 % on the 6th to 7th day. Three other 
patients who did not respond significantly 
to 5 mg. daily, responded fairly satisfac- 
torily to 10 mg. daily. Similar hemato- 
logic and clinical improvement was re- 
ported by Spies and his group®® in 9 such 
patients, who were treated Avdth 10 to 
200 mg. folic acid daily. 


* Since this paper was submitted, we have treated one patient with Addisonian pernicious anemia witli 

1.25 mg. folic acid daily by mouth. The initial hemoglobin was 50 per cent and the red count 2.3 million. 
On the eighth day of therapy, a reticulocj^e peak of 5.0 per cent was attained. No second response 
occurred when the dosage was increased to 2.5 mg. On the twenty-fourth day, the hemoglobin was 
72 per cent and the red count 3.7 million. 
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Crude folic acid concentrates (using the 
term generically, not in the strict sense 
of the compound of Mitchell, Snell and 
Williams'®) had been tried in 1944 by 
Castle et alJ and by Moore and his asso- 
ciates®” in the treatment of pernicious 
anemia without response. Sharp and his 
associates®” in 1944 treated 10 patients 
with refractory anemia, including perni- 
cious anemia, with vitamin Be yeast con- 
centrate, svith increase in red cell volume; 
but Watson”” had found it ineffective in 
"refractory anemia.” In November 1945, 
Spies and his co-workers®” reported the 
first favorable response of patients with 
macrocytic anemias to synthetic folic acid. 
They treated 5 patients with 20 to 50 mg. 
daily intramuscularly, while the diet was 
controlled to exclude meat and meat prod- 
ucts. In 3 to 4 days definite subjective 
improvement was noted. The reticulocyte 
response began on the 3rd to 8th day and 
reached a peak of 6.5 to 14.5% between 
the 5th and 10th days. Another group of 
4 patients was treated with 50 to 100 mg. 
daily by mouth svith similar effect. Vil- 
ter. Spies and Koch”® reported the success- 
ful treatment of 14 cases of macrocytic 
anemia, including nutritional and Addi- 
sonian anemias, with sjmthetic folic acid. 
In 5 of the 6 patients vnth leukopenia in 
addition to anemia, the white blood count 
rose under treatment. Pellagrous glossitis 
healed in 4 to 10 days, and burning of 
the tongue wthout objective glossitis 
cleared in the same interval. The onset 
of remission was accompanied by marked 
increase in appetite in most patients. In 
2 cases with neuromuscular complaints, 
there was incomplete relief of paresthesia. 
The authors believed that the response 
was submaximal in that only 6 of 14 pa- 
tients attained a hemoglobin level of 
12 gm. % and 1 had a second reticulocyte 
response when treated with 50 U.S.P. 
units reticulogcn after IS days of L. casci 
factor, 20 nig. intramuscularly, daily. 
The longest jieriod of treatment was 
30 days and the dosage varied from 20 mg. 
daily parentcrally to 150 mg. daily by 
mouth. Moore and his a.ssociatcs®' treat- 


ed 4 patients wdth macrocytic anemia, 
including 2 with Addisonian pernicious 
anemia, with folic acid. On the 3rd day 
of treatment with 100 mg. orally daily, 
subjective improvement was noted. The 
reticulocyte response began on the 4th 
day and reached a peak of 40% on the 
7th day. Treatment was continued for 
10 days, at which time the red blood count 
was slightly over 3 million. They con- 
cluded that this form of therapy was 
insufficient for a complete hematologic 
response. They treated 2 other patients 
with 2 mg. folic acid intravenously wnth 
what was interpreted as a submaximal 
response. 

Spies®® reported the successful treatment 
of a group of 26 cases of macrocytic 
anemia of various types wdth folic acid in 
doses of 10 mg. or more daily. Subjective 
improvement was noted on the 3rd day, 
and the reticulocyte response began on 
the 3rd to 6th day, reaching a peak of 
6.4 to 31.8% on the 6th to 8th day. All 
elements in the peripheral blood tended 
to return to normal. He noted that on 
this therapy, the megaloblasts in the bone 
marrow' decreased. Spies and his col- 
laborators”® concluded that folic acid w'as 
effective in the treatment of Addisonian 
pernicious anemia, nutritional macrocytic 
anemia, the macrocji:ic anemias of sprue, 
pellagra and pregnancy. However, the 
response to yeast and liver extract seemed 
to be out of proportion to their folic acid 
content. A number of patients w’ho failed 
to respond to 3 to 4 mg. folic acid by 
mouth, responded to liver extract calcu- 
lated to contain I mg. or less of folic acid 
daily.®® The highest red blood count at- 
tained was 4.22 million w'ith a hemoglobin 
level of 13.9 gm. per 100 cc. in a patient 
with an initial count of 2.01 million 
and hemoglobin level of 8.3 gm. per 
100 cc., who received 100 mg. of folic 
acid by mouth daily for 40 days. Doan 
and his aj^sociates'” treated 1 patient with 
pernicious anemia and combine<i sclerosis 
of the cord with 2 mg. folic acid parenter- 
ally for 15 days with results indistinguish- 
able from those which would have been 
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expected with parenteral liver. No secon- 
dary reticulocyte response occurred when 
the dose was increased to 10 mg. daily. 
On the 10th day of therapy, the sternal 
marrow appeared normal. The maximum 
reticulocyte response of 26.8 % was reached 
on the 15th day. On the 40th day of 
treatment, the red blood count was 4 mil- 
lion per c.mm. and the hemoglobin 13 gm. 
per 100 cc. (initial levels 1.49 million and 
5.8 gm.). On the 2nd day of treatment, 
the patient’s paresthesias disappeared and 
on the 21st day vibratory sensation and 
the Romberg test reverted to normal. 

Zuelzer®®’^ stated that folic acid is a 
specihc anti-anemic factor the lack of 
which results in megaloblastic dysplasia 
of the bone marrow elements and maero- 
cj'tic anemia. He described an anemia 
of children, hematologically indistinguish- 
able from pernicious anemia, although not 
constantly associated with achlorhydria, 
which responded to treatment wdth folic 
acid in doses of 5 to '20 mg. intramuscu- 
larly or 50 to 100 mg. orally dailj' for 1 
to 3 weeks. When achlorhydria was 
noted before treatment, it cleared on this 
regimen. Both the bone marrow and 
peripheral blood returned to normal. The 
response to folic acid was indistinguish- 
able from that to liver, and no second 
reticulocj’te response could be obtained 
fsath one, after the other had been exhib- 
ited. Within 2 days of the inception of 
therapy, the bone marrow showed com- 
plete disappearance of the megaloblastic 
pattern. Children ndth other types of 
anemia had no response to folic acid. 

It is interesting to note that a potent 
antipemicious anemia fraction of liver is 
effective neither in the treatment of vita- 
min I\I deficiency in monkeys” nor the 
\-itamin Be deficiency of chicks.®^ It has 
therefore been concluded that L. casci fac- 
tor and the antipemicious anemia prin- 
ciple are different.*^ It may be more 
accurate to conclude that the antipemi- 
cious anemia principle is not a single fac- 
tor, since folic acid does appear to be an 
effective antipemicious anemia factor. It 
may also be postulated that the erjdhro- 


cyte maturation factor is folic acid or is 
synthesized by the human organism from 
folic acid. Other compounds with similar 
structure or conjugation compounds of 
folic acid may also be utilized in the 
synthesis of the erythrocyte maturation 
factor by the human organism, \vithout 
ha\dng folic acid activity for other organ- 
isms. Thus, both the L. casei factor and 
the S. lactis factor,^ the similarit3’^ of whose 
structure has been mentioned previouslj', 
are potent in promoting the growth of 
S. lactis, while only the former is potent 
. for L. casei. The antipemicious anemia 
potency of the S. lactis factor remains to 
be determined. 

Method. We have undertaken to studj' 
the therapeutic effect of synthetic folic acid* 
in the treatment of pernicious anemia. In 
additioDy we attempted to determine the 
dosage which might be considered equiva- 
lent to a unit of liver (f. e., the minimal dose 
which, when given daity by mouth, produces 
a maximal hematologic response). In the 
first group of patients (4 cases), we gave 
oral doses which in the experience of others 
had produced satisfactorj"^ effects. After we 
had established the efficac}' of this therap}', 
the succeeding patients were treated mth a 
dose that was expected to produce a sub- 
ma.ximal response so that a second reticulo- 
ej’^te response might be tested for with in- 
creased doses” (3 patients). 

Daily reticulocyte counts were performed 
b}'^ the method of drawing blood smears on 
slides previously coated with alcoholic bril- 
liant cresjd blue. Hemoglobin determina- 
tions were made with a Sahli-Hellige hemo- 
globinometer in which 100% equals 17 gm. 
per 100 cc. Red cell, white cell and platelet 
counts were performed in the Neubauer 
counting chamber. The red cell volume was 
determined in the Wintrobe hematocrit on 
oxalated blood. 

Case Histories. Case 1. M. E., a 76 jTar 
old woman, complained of dj’spnea, weak- 
ness, dizziness, numbness of her feet, pre- 
cordial pain and palpitation of 2 weeks 
duration. She had become gra}' at the age 
of 30. She was told that she was anemic 
25 5'ears before, but no therap3'- was at- 
tempted. Ph3’sical examination revealed a 
well-developed and well-nourished pale old 
woman. The ph3’sical and neurologic e.xam- 
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ination was entirely negative except for 
pallor. Gastric analysis revealed achlor- 
hydria, refractory to histamine. Gastro- 
intestinal Roentgen ray series revealed no 
abnormality. Sternal marrow showed 3 to 
4% megaloblasts on admission and 0.6% 

30 


remained at about this level. The mean 
corpuscular volume rvas 125 cju on admission 
and 99 cp after 1 month of treatment. The 
platelet count was 130,000 per c.mm. on 
admission and 290,000 on the 13th day of 
treatment. Throughout her hospital stay, 
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mofialobla.'^ts after 2 week.'! of therapy. The 
treatment with folic acid and later liver, and 
the hematologic response are described in 
I'isnire 1. Xot .‘j]iown is the white count, 
which rose from an initial level of .5000 per 
c.mm. to 11,000 while on folic acid, and 


.‘:he ran a low grade fever, always below 
100° F. except between the Sth and 19th 
day when it was between 100° and 101.8° F. 
(peak on 12th and 13th days). There w.as 
only a slight upper respiraton.- infection to 
account for the fever. On the Sth and 9th 
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days of treatment, the nurse’s notes revealed 
improved appetite. 

Case 2. — I. F., a 70 year old man, com- 
plained of fatigue for 1 j'ear, slight icterus 
for 2 days. He had e.xperienced an attack 
of gall bladder colic 4 3 ^ears before admission, 
but no pain was associated with the present 
episode. The dietary histor^”^ revealed poor 
protein and vitamin intake. Temperature 
on admission was 102° F. but subsided dur- 
ing the 1st week and remained normal there- 
after. The liver was felt 2 finger-breadths 
below the costal margin and the spleen 1 
finger-breadth. There was tenderness in the 
right upper quadrant. There was no glossitis 
and the neurologic e.vamination was nega- 
tive. Eiythrocyte sedimentation rate was 
76 mm. in 1 hour, icterus index 15, bilirubin 
2.9 mg. % with delayed direct van den 
Bergh reaction. On the 3rd hospital daj'^ 
the icterus index was 9 and the bilirubin 
1 mg. % respectively; and on the 5th hospi- 
tal day the bilirubin was 0.5 mg. %' and 
the direct van den Bergh negative. Alkaline 
phosphatase was 21 Kong-Armstrong units. 
The cephalin flocculation test was negative. 
Gall bladder Eoentgen series revealed no 
filling of the gall bladder. Gastric analysis 
revealed no free acid after histamine both 
before and after completion of treatment. 
Gastro-intestinal Roentgen raj' series re- 
vealed no abnormalitj'. The bone marrow 
before treatment revealed the tj'pical mega- 
loblastic marrow (4%) of pernicious anemia. 
The hematologic response to folic acid ther- 
apy is shown in Figure 2. As noted, there 
was a reticulocj'te crisis before the inception 
of folic acid treatment and a second response 
to the drug. This is discussed below. The 
white blood count rose from 2200 on admis- 
sion to 5500 on the day specific treatment 
was begun, and remained at about this level. 
The platelet count was 290,000 before treat- 
ment and did not change significantlj'. The 
mean corpuscular volume was 110 c^ at the 
onset of therapj' and fell to 95 at the time 
of discharge (7 weeks after admission). 

- Case 3. C. P., a 64 j'ear old Italian 
laborer, was admitted for the first time in 
September 1945 for epigastric burning, 
anorexia and weakness of 3 months duration, 
Gastro-intestinal series at that time was 
negative; gastric analj'sis revealed achlor- 
hydria. Gastroscopj' revealed marked atro- 
phic gastritis. Bone marrow aspiration 
disclosed a tj'pical megaloblastic marrow 


( 5 %). The hemoglobin was 59% and the 
red blood count 2.7 million. On j'east 
(60 gm. dailj' for 5 days) and liver extract 
(15 daj's), the hemoglobin rose to 78% and 
the red blood count to 3.66 million, but no 
reticulocj'te response was noted. 

Upon discharge in October 1945, the 
patient discontinued all therapy. He was 
readmitted March 1946 complaining of epi- 
gastric distress, anorexia, diarrhea, wet- 
ness and numbness of the fingers for 1 month. 
Examination revealed that the fiver extended 
3 finger-breadths below the costal margin. 
The spleen was felt 1 finger-breadth below 
the costal margin. There was moderate 
atrophic glossitis. Position sense was intact 
in the hands and feet but vibratorj' sense 
was diminished over the right tibia. Erjdh- 
rocj'te sedimentation rate was 30 mm. in 
1 hour. Icterus index was 8, bilirubin 1 .2 mg. 
% and the direct van den Bergh negative. 
There was gastric achlorhj'dria after hista- 
mine. Bone marrow aspiration again reveal- 
ed a typicallj' megaloblastic marrow. After 
3 daj's of folic acid treatment the gastro-in- 
testinal sjrmptoms subsided and the patient 
noted marked improvement in appetite. 
Gastroscopj', performed after 15 daj's of 
therapy, revealed much less marked atrophy 
than was noted at the time of the first 
admission. Bone marrow aspiration per- 
formed 2 weeks after the onset of treatment 
revealed no megaloblasts, 59% normoblasts 
and 7% erj'throblasts. Two weeks after 
admission, he noted disappearance of the 
complaint of numbness in his fingers. At 
the same time, the papillre of his tongue 
began to regenerate, and the tongue became 
normal within 1 month. After treatment 
for 21 months, the patient coniplained of 
stiffness and numbness of his hands, but 
there was no change in refle.xes or proprio- 
ceptive sensation in upper or lower extremi- 
ties. One month later, at which time his 
red blood count was 5.2 million and his 
weight was 151 pounds as compared to 140 
on admission, he complained of increasing 
numbness in his hands and weakness in his 
knees. He stated that he had difficultj' in 
buttoning his vest and tying his shoe-laces. 
There was suggestive minimal diminution 
in vibratory sensation at the right ankle, 
but no other change. He consulted another 
phj'sician who treated him with fiver extract 
and vitamin B complex intramuscularty 
After the third injection, over a period of 
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2 ■weeks, he noted marked improvement in ment), is shown in Figure 3. The platelet 
the numbness of his fingers, was again able count rose from 50,000 to 180,000 per c.mm. 
to perform precise acts. When seen again during treatment. The mean corpuscular 
1 month after the induction of liver and volume was 158 on admission, 110 cn on 
vitamin B therapy, at which time he had the 14th day of treatment. It nas not 
received 6 injections, he had no complaints, repeated again. 
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Fio. 2.— Hcmatolocic rc.'-pon'.e in C.t-o 2. 


hut his neurologic findings, as before, showed 
.flight impairment of vibratory setrsation at 
(he ankles. 

The hematologic response to folic acid 
therapy, except for the white count, which 
rose from 4000 to 8000 (after 2 weeks treat- 


C.^SE 4. 0. S., a 67 year old Jewish 

woman, gave a 2 year historx’ of epigastric 
and abdominal discomfort and weight los.s. 
During the 2 months preceding admission 
her symptoms had become aggravated, asso- 
ciated with weakness, shortness of breath, 
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sense in hands and feet, astereognosis, im- 
paired pin-prick and light touch sensation 
in hands, active knee jerks (left more active 
than right), bilaterally positive Babinski's 
sign. Stool guaiac was negative, erythro- 
cyte sedimentation rate 65 mm. in 1 hour. 
Gastric achlorhydria refractory to histamine 
was noted. Sternal marrow aspiration 
yielded an active megaloblastic marrow 
(16.8% megaloblasts) . 


By the 10th day of treatment, the patient 
stated that she was -watching the clock for 
meal time and that the paresthesias in her 
fingers had improved. By the 22nd daj*, 
she stated that the paresthesias had disap- 
peared entirely. The knee jerks were now 
equal and active and the Babinski reflexes 
had disappeared. Sensation in the upper 
extremities appeared to be normal. On the 
30th day, she left her bed for the first time 



D 



She was treated with 5 mg. folio acid 
daily until the reticiilocyte rc.sponso had 
subsided, after which the dose was increased 
to 10 and then 30 mg. daily. On the 3rd day 
of therapy, improvement in appetite was 
noted. Bone marrow aspirated on the 4th 
day revealed 4% megaloblasts, which were 
considered atypical in that the nuclei 
stained more deeply, .suggesting transition 
to erythroblasts. On the 6th day of treat- 
ment, new papilla:' were noted on the tongue 
which began to feel rough to the touch. 
On the Sth day of treatment, only rare 
niesnlohlasts could bo found in the marrow 
smears and on the 3Sth day there was none. 


and began to exercise, in a walker. However, 
about 2 Weeks later, she began to show signs 
of mental deterioration, comidained of pains 
in her legs and refused to leave her bed. 
The objective neurologic findings remained 
static. She developed decubitus ulcers fol- 
lowed by a left lower lobe pneumonia with 
temperature up to 107" F. Urinary' and 
fec.al incontinence, which had been noted on 
admission and had imjwoved during therapy, 
recurred. Slie died on the 4th day of the 
.acute illne-ss. Postmortem e.xamination was 
not obtained. 

Her liematologic ro.sj)onse to physical 
therapy ip shown in Figtire 5. Xot shown 
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are the rises in platelet count from 100,000 
to 280,000 and in white count from 2000 
to 6000 before the onset of pneumonia, when 
it rose to 10,000. The initial mean corpuscu- 
lar volume was 118 cn. 


insomnia. She complained of constant cold- 
ness of hands and feet, and noted consider- 
able weight loss. For the past several 
months she had been treated with iron 
nnthout effect. 
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Case 6. P. M., a 59 j^ear old Polish 
woman, had been in good health until 
8 months before admission when she had 
an attack of gall bladder colic. The patient 
had alwaj-s avoided fried and fatty foods, 
but restricted her diet more carefully fol- 
loning this episode. For the past 8 months 
she bad noted anorexia, constipation and 


Physical examination revealed lemon- 
yellow skin and sclera;. The fundi showed 
marked arteriolar narrowing and numerous 
petechial hemorrhages. The tongue was 
smooth and atrophic. Blood pressure was 
110/64. There was marked sclerosis of the 
peripheral pulses. The deep tendon re- 
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flexes were equal and active. There was no 
impairment of vibratory or position sense. 

The peripheral blood was typical of per- 
nicious anemia; hemoglobin 32%, red blood 
count 1.2 million, white blood count 3500 
with many hypermature neutrophils; there 
were marked poikilocytosis and anisocytosis, 
and a few megaloblasts and rare myelocytes 
were seen. Mean corpuscular volume was 
120 Cf£. Urinary urobilinogen was demon- 
strable in a dilution of 1:20. Stool guaiac 
was negative. Gastric achlorhydria refrac- 
tory to histamine w’as noted before and 
after treatment. The bone marrow revealed 
14.8% megaloblasts. 


On the 8th day, new papillae were noted in 
the central portion of the tongue. On the 
16th day of treatment, she developed right 
upper quadrant pain with spasm and ten- 
derness and fever to 103° F. These symp- 
toms subsided after 7 days. A gall bladder 
Roentgen ray series failed to visualize the 
gall bladder, confirming the impression of 
acute cholecystitis. Following the subsi- 
dence of this episode, the patient again 
began to show subjective and objective im- 
provement, followed by a second reticulo- 
cyte response to 2.5 mg. folic acid as shown 
in Figure 6. After this reticulocyte response 
manifested itself, she was permitted a regrj- 
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The patient was placed on a diet resitricted 
in soiircas of extrinsic factor and received a 
single dose of 5 mg. folic acid by' mouth 
witli reticulocyte response .‘^hown in Fig- 
ure 0, but no subjective improvotnent. 
.•Utcr tlie subsidence of this response, she 
was treated Mth 2.5 mg. folic acid daily. 
On the 4th day of this regimen she felt 
stronger, looked brighter, and stated that 
her npjjctitc was considerably improved. 


lar, low fat diet, without restriction of 
extrinsic factor When this response .sub- 
sided, the dose of folic acid was increa.«ed 
to 30 mg. daily by mouth without secondary' 
reticulocyte response (Fig. 6). The fundi 
and tongue appeared normal when reex- 
amined 2 months after admission. The 
neurologic examination remained normal 
throughout the period of observation. The 
white blood count rose from 3500 to 5000 
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(8300 during febrile episode) and the plate- 
lets from 100,000 to 240,000 in the 1st month. 
The mean corpuscular volume was 120 c/i 
on the 19th day of treatment with 2.5 mg. 
folic acid daily and 90 on the 40th day of 
continuous therapy. 

So 


negative. Ph 3 'sical examination revealed a 
pale, chronically ill male, appearing younger 
than his stated age. He was not dyspneic 
or orthopneic at rest. The fundi revealed 
arteriolar narrowing, arteriovenous crossing 
defects, numerous hemorrhages and e.\n- 
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Case 7. J. M., a 70 year old Jewish man, 
complained of e.xertional dyspnea, sub, 
sternal oppression, orthopnea and anorexia 
of 6 months duration. Gastro-intestinal 
series, barium enema and chest plate made 
3 weeks before admission were reported as 


dates. There was no cardiac enlargement. 
A blowing .sj’stolic murmur was audible at 
the apex. The blood pressure was 125/60, 
The liver was palpable 1 finger-breadth 
below the costal margin. There was no 
glossitis or neurolo^c abnormalit}'. 
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On admission, the peripheral blood smear 
revealed marked anisocytosis, poikilocytosis, 
2 nucleated red cells per 100 white cells, 
reduced platelets (100,000 per c.mm.). The 
admission white blood count was 4400 with 
normal differential and many hypermature 
neutrophils. The bone marrow was typically 
megaloblastic. Gastric achlorhydria per- 
sisted after histamine. The icterus index 
was 12, bilirubin 1.4 mg. per 100 cc., direct 
van den Bergh negative and total protein 
6.4 gm./lOO cc. Urinary urobilinogen was 
positive in a dilution of 1 : 20 . 

The platelet count rose from 110,000 to 
210,000 at the end of 2 weeks of treatment 
and the white blood count from 4450 to 7100. 
Treatment was begun with 2.5 mg. folic acid 
by mouth daily and increased to 30 mg. 
daily after subsidence of the reticulocyte 
response. The hematologic response is 
shown in Figure 7. On the 4th day of treat- 
ment, the patient noted increased strength, 
improved appetite and a sense of well-being. 
By the 55th day of treatment, he had gained 
15 pounds. 

In addition to the above 7 cases of 
pernicious airemia, 1 case of Hodgkin’s 
disease with postradiation leukopenia, 1 
ulcerative enterocolitis wdth hypochromic 
anemia, 1 aleukemic myelogenous leu- 
kemia, 2 patients with steatorrhea without 
anemia and 1 patient with regional ileitis 
were treated with 30 to 45 mg. folic acid 
by mouth daily without clinical or hema- 
tologic response. 

Discussion. It is apparent from exam- 
ination of the hematologic responses ob- 
tained (Figs. 1 to 7) that sjmthetic L. casei 
factor from liver is capable of producing 
a remission in patients with Addisonian 
pernicious anemia in relapse. In each 
case subjective improvement in appetite 
and general well-being was manifest about 
the 4th day of treatment. When gastro- 
intestinal symptoms such as epigastric 
distress, anorexia or diarrhea were present, 
these subsided within a week. Glossitis 
disappeared in the same period, associated 
with beginning regeneration of papillse. 
The reticulocyte response became manifest 
between the 3rd and 7th days and reached 
its peak between the 7th and 10th days. 
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Leukopenia and thrombocytopenia disap- 
peared. Achlorhydria was not modified. 
Neurologic complications, when present, 
were usually only minimally improved, 
but no progression was noted. 

In Case 1, no secondary reticulocyte 
r^ponse was obtained to 15 units liver 
extract daily intramuscularly folloiving 20 
to 30 rag. folic acid daily by mouth. This 
indicated that the dosage of folic acid 
exhibited had produced a maximal hema- 
tologic response.^® The hemoglobin and 
red cell rise was sluggish. The addition 
of iron resulted in a prompt response. 
This phenomenon was noted in other 
cases treated with folic acid, in which the 
hemoglobin became stabilized, usually at 
about 70% (11.9 gm./lOO cc.) with a 
color index of 1 or less; upon the addition 
of iron to the regimen, the hemoglobin 
rose to normal values (Cases 3, 4 and 5). 

In Case 2 , there was a spontaneous 
reticulocyte crisis, probably related to the 
subsidence of the acute cholecystitis and 
the ingestion of an adequate diet. The 
patient’s diet had previously been inade- 
quate in protein foods. This response, 
however, was submaximal, since after its 
subsidence 20 to 30 mg. per day of folic 
acid produced a second reticulocyte re- 
sponse. The second response reached a 
peak of 5% reticulocytes on the 8 th day 
of folic acid. The low peak can be as- 
scribed to the fact that there had been a 
previous submaximal response of 8 %. 

Cases 3 and 4 illustrate the attainment 
of normal hemoglobin levels (over 85 % — 
over 14.5 gm. per 100 cc.) with folic acid 
and iron over extended periods (25 months 
of folic acid). The maintenance dose used 
in each case was 5 mg. orally daily. 

In Case 6 , a single oral dose of 5 mg. of 
folic acid produced a reticulocyte peak of 
6 % on the 6 th day, which ■was not fol- 
lowed by a significant hemoglobin or red 
cell rise. After this reticulocyte response 
had subsided, 2.5 mg. folic acid daily 
produced a second reticulocyte response 
with a peak of 11.6% on the Sth day, indi- 
cating that the original single dose of 
5 mg. had been inadequate. The red cell 
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and hemoglobin response was very slug- 
gish. After the acute cholecystitis with 
fever up to 103° F. subsided, a further 
slight reticulocyte response occurred on 
the same dose of folic acid, without change 
in diet, and the hemoglobin and red cell 
count began to rise significantly. This 
would appear to indicate that in the face 
of the acute infection, 2.5 mg. of folic acid 
daily had produced a submaximal re- 
sponse, while the same therapy was ade- 
quate in the absence of intercurrent disease 
(as indicated bj' the lack of an additional 
reticulocyte response on an improved diet 
and increased folic acid dosage). 

Cases 5 and 7 showed straightforward 
hematologic responses to 5 mg. and 2.5 mg. 
folic acid daily, respectively, with no 
further reticulocyte response to increased 
dosage. 


It will be noted that the observed reticu- 
locyte response fell short by about 50 7o 
of the expected response. However, this 
may be attributed to the method, since 
Minot and Castle’s curves'* are based on 
the determination of reticulocytes on 
smears made after the blood has been 
mixed \nth an aqueous solution of bril- 
liant cresyl blue. The slide technique 
used in our laboratory gives considerably 
lower levels (cf. normal of less than 0.5% 
unth normal of 1 to 1.5%). The erythro- 
cyte response compares favorably with 
that obtained with liver." 

Conclusions. ^Ye may conclude that 
synthetic L, casei factor from liver is a 
potent antipernicious anemia factor, effec- 
tive in producing a complete hematologic 
response, including reticulocyte count, 
red cell count, white cell count and platelet 


Table 1. — The Initial Red Counts, Calculated Expected Reticulocyte Response for 

Oral Liver and Noted Response 



Initial 

Calculated 

Found 

Patient 

R.B.C. 

reticulocytes 

reticulocjtes 

1. M. E. 

... 16 

20 4 

12 

11. 1. F. . 

... 1 8 

17 1 

8, 5 

III. C. P. . 

.... 1 5 

22 3 

11 

IV. 0. S. . 

. . . . 0 9 

38 0 

15 

V. M. F. 

. . . . 1 4 

24 3 

17 

VI. P. M. 

. . . . 1 3 

26 5 

6, 11.6 

VII. J. M. , 

.... I 3 

26 5 

11 6 


Signs of combined sclerosis of the cord 
were noted in 4 cases (Cases 1 , 3, 4 and 5) 
and were severe in 1 (Case 5). In Cases 3 
and 4, the disease was cliaracterized by 
slight diminution of vibratory sense and 
paresthesias in the lower extremities, while 
in Case 1 there were paresthesias Avithout 
objective changes. On treatment, these 
symptoms subsided. However, in Case 3 
they returned after 2 months, Avhile still 
on treatment with folic acid only to sub- 
side again A\nth liver and wtamin B treat- 
ment, In Case 5 there was impairment 
of proprioceptive sense in the upper and 
lower extremities, and of motor power in 
the lower. The findings in the arms clear- 
ed under treatment, but those in the legs 
improved only minimally. There was no 
progression in the neurologic findings, but 
the patient developed a senile psychosis 
followed by a fatal bronchopneumonia. 


count, and correction of the megaloblastic 
dysplasia of the bone marrow. Reticulo- 
ej'tosis began between the 4th and 7th 
days and reached a peak 2 to 4 days later. 
•As noted by other workers, subjective im- 
provement, most strikingly evidenced bj' 
greatly improved appetite, occurred usu- 
ally on the 3rd or 4th day of treatment. 
Glossitis and other gastro-intestinal symp- 
toms subsided within 1 week, and regen- 
eration of papillic became apparent at this 
time. The minimal therapeutic dose, 
corresponding to one U. S. P. unit of liver 
is 2.5 mg. or less daily by mouth, since 
no second reticulocyte response could be 
produced in the 2 patients maintained on 
this dosage, by increasing the amount of 
folic acid. As Avith liver, larger doses are 
required in the face of infection. The 
failure of liver extract to produce a second 
response in I patient treated AA-ith 30 mg. 



KURNICK : TREATMENT OF PERNICIOUS ANEMIA WITH SYNTHETIC L. CASEI FACTOR 707 


of folic ivcifl daily indicates that folic acid 
is capable of producing as complete a 
hematologic response as liver. By the 
addition of iron, the red cell count could 
be raised to normal levels on folic acid 
alone, given over a sufficiently long period 
(2 to 3 months). These results are at 
variance with those of Moore”^ and Yilter^- 
and their co-workers, who failed to ob- 
tain complete remissions Avith folic acid. 
However, premature discontinuance of 
therapy may account for their inadequate 
response to folic acid. Combined sclerosis 
of the spinal cord was improved only very 
slightly by folic acid treatment. However, 
no case' of development or progression of 
the neurologic disease during therapy Avas 
noted. In this respect, the experience is 
similar to that AA'ith liA^er. In the 1 case 
(Case 3) in AA'hich minor paresthesias re- 
curred during treatment and again sub- 
sided on liver and vitamin B injections, 
evaluation is difficult because of the lack 
of objective changes and the confusion of 
the experiment by the administration of 
both vitamin B and liA'or extract. 

Folic acid did not prove elfective in the 
treatment of anemia and Icidvopcnia due 
to acute myelogenous leukemia (aleu- 
kemic) or Hodgkin's disease, nor did it 
influence non-specific disease of the small 
boAvel or colon. 

It has been previously pointed out-'--*-^'’ 
that the antipernicious anemia potency of 
liA’cr is out of proportion to its L. casri 
factor content and that liA-er fractions 
Avithout L. rnsri potency are A-ery actiA'e 

* The folic iicid used in this Mtndy wat, supplied 
of Dr. Stanton M. Hard.v. 


in erythrocyte maturation. The close 
chemical similarity, but microbiologic dis- 
similarity, betAveen the L. casei factor (a 
compound of glutamic acid, para-amino- 
benzoic acid, and 2-amino-4-hydroxy-6- 
methyl-pteridine) and S. lucfis factor (the 
same Avithout glutamic acid), suggests that 
the human organism may be capable of 
utilizing a number of chemically similar 
compounds (Avith different raicrobiologic 
.activities) in the s.^^^thesis of the erythro- 
cyte mtituration fsictor, or as the factor 
itself. This AA'ould account for the high 
antipernicious anemia potency despite Ioav 
folic acid content (as measured by L. casei' 
groAvth stimuliition) of certain fractions. 

Summary. 1. Seven patients Avith Ad- 
disonian pernicious anemia treated Avith 
folic acid are presented. 

2. Adequate hematologic and clinical 
responses AA-^ere obtained in each Avith doses 
A'arying from 2.5 to 30 mg. daily by 
mouth. The hematologic responses .are 
shoAvn graphically. 

3. The minimsil or.al therapeutic dose 
for maximal response is 2.5 mg., or less, 
daily. 

4. Combined sclerosis of the spinal cord 
is somcAvhat improA'ed by folic acid ther- 
apy. The results arc similar to those Avith 
liA'er. 

5. It is suggested that the L. casri fac- 
tor is either the antipernicious anemia 
factor or is utilized in its synthesis. Other 
compounds in TiA-er Avith similar structures 
but Avithout activity for L. casri may also 
be utilized by the human organism. 

b.A' Ecdci'Ie Laboratories, Inc., fbroucb the courtesy 
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RENAL FILTRATION RATES IN PREGNANCY TOXEMIA 


INULIN AND Exogenus Creatinine 
By Lester D. Odell, S.B., M.D. 

CHICAGO, THHINOIS 

(From the Department of Obstetrics and Gynecology, The University of Chicago, and the 

Chicago Lying-In Hospital) 


Estimates on rate of renal filtration, 
calculated from the excretory fate of in- 
jected inulin or mannitol,* depend upon 
a theoretically maximum no-threshold 
excretion of these sugars through kidney 
glomeruli, and upon an absence of their 
secretion or reabsorption in the tubules. 
According to Goldring ct this figure 

amounts to 119 cc./min. plasma inulin in 
normal non-pregnant women. During 
uncomplicated pregnancy, filtration rates 
remain normal'^ but are reported by 
sorne’'^'^” as slightly depressed and by 
others® as raised in the early puerperium. 

Investigators record a considerable vari- 
ation of filtration rates in those patients 
with pregnancy toxemia.® A tendency 
toward lower figures® (compared 

with normal pregnancy) and a compara- 
tive improvement postpartum® (con- 
trasted with antenatal values) suggests 
interference with glomerular filtration. In 
most, the degree of antepartum suppres- 
sion is commensurate wth the severity of 
the disease.'" Table 1 lists certain ac- 
ceptable mean values for normally preg- 
nant patients and for women with vascu- 
lar syndromes, ante- and postpartum, and 
in subsequent follow-up. 

Others® "® divide patients wdth toxemia 
into 3 groups as to kidney function. The 
first includes those with diminished inulin 
and normal (or elevated) diodrast clear- 
ances,! the filtration fractions,! by con- 
scq\ienccs, being lowered. This group 


belongs clinically to a preeclamptic type 
of pregnancy toxemia. Another includes 
those patients with normal inulin, de- 
creased diodrast, elevated filtration frac- 
tions, and alleged evidence of essential 
hypertension. In a third group function 
tests are entirely normal. These observa- 
tions are related to certain pathologic 
changes, a theoretically thickened glo- 
merular basement membrane in the first 
group, and spasm, or organic change, in 
efferent renal vessels of the second. In 
the third group, that associated with nor- 
mal function, the vascular status is con- 
sidered relatively benign. 

More recent studies® on eclampsia 
and severe preeclampsia record a com- 
parative antepartum suppression of uric 
acid clearance. This reduction, observed 
during short and prolonged clearance inter- 
vals,®*'' may relate to the blood elevation 
of this fraction in severe cases. Moreover, 
a mechanical interference with normal 
filtration, from a thickening of the glo- 
merular basement membrane, might ex- 
plain this increase in blood uric acid, 
although alterations in its tubular reab- 
sorption occur in some severe toxemias. 
Bonsnes and Stander® have observed a 
few cases with a normal urea but sup- 
pressed uric acid clearance. The accom- 
panying elevation of blood uric acid with- 
out retention of other metabolites is puz- 
zling. Difference in rate of tubular re- 
absorption or secretion, instead of selec- 


* Iiiiitin and mannitol arc non-metabolized polysaccharides of high molecular weight. The filtration 
rate is obtained from quantity of inulin or mannitol excreted per minute (UV) divided by their plasma 
concentrations (P). Filtration rate (Ci) = UV/P. 

t Mammalian kidneys excrete injected diodrast or para-amino hippuric acid by tubules and glomeru- 
lus. Hecause these dyes are removed from arterial blood in a single renal circulation (rapidly excreted, 
largely by tubules) their clearances express renal blood flow at low plasma concentrations and tubular 
mass (TMl at high. Tlie formula, Ci — T7\’/P, affords either calculation. 

1 - fraction (FF), the apparent fraction of pla.sma cleared through glomenili, is given 

dirccilj- by muhn 'diodrast ratio. 
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tive rejection by a supposedly inert 
membrane, the glomerulus, would best 
explain this observation; providing, of 
course, the modem and accepted theory 
of renal function is correct. 

The following data, previously reported 
in part,' and representing experience ndth 
simultaneous inulin, exogenous creatinine 
and urea clearance tests, are compared 
with contemporary results. 


urea clearance determinations were ob- 
tained simultaneously from 15 patients. 
These results are tabulated (Tables 2 and 
3). Patients were classified as to type of 
toxemia according to usual prerequisites, 
the final diagnosis being established in a 
subsequent 7 year follow-up. 

1. Urinary Output. Employing a 
modified water diuresis test Dieckmann’ 
observed a reduced antepartum urinary 


Table 1. — Glomerular Filtration Rates — Mean Inulin Clear.ance Values 
Expressed Cc./Min. Plasma (Adapted 3, 4) 


Antepartum . 
Postpartum . 


Normal Toxemia 

pregnancy (cure*) 


(3) 

(4) 

(3) 

(4) 

124 

116 

lOS 

S4 

116 

139 

120 

105 


Toxemia 

Follow -Up 

(hypertension) 

toxemia 

(3) 

(4) 

J to 12 vr». 
(3) 

91 

110 

87 

95 

94 3 


* Taylor and co-authors’” differentiate those patients followed by clinical cure from that group 
with subsequent hj’pertension. 


Material and Method. Twelve pregnant 
women with vascular sj’ndromes, 8 with 
signs of preeclampsia and 4 with hj’perten- 
sion, were selected for studj’. Of these, 5 
were investigated ante- and postpartum. 
Additional studies were performed upon 2 
normallj’ pregnant patients, and upon 1 non- 
pregnant hj’pertensive woman. 

Commencing at 0600,* after a previous 
midnight fast, the patient drank 200 cc. of 
water everj’ i hour until completion of test. 
Breakfast consisting of 1 slice of unbuttered 
toast, and 200 cc. of milk instead of water, 
was consumed at 0730.* At 0800§ 10 gm. 
(100 cc.) U. S. Standard inulin was injected 
at the rate of 10 cc. (1 gm.) per minute, fol- 
lowed 4 hour later by 5 gm. creatinine bj- 
mouth. The clearance period, lasting 1 hour, 
commenced promptlj- at 0900.* 

Blood .speemens were obtained prior to 
0800* for blanks and at c.xact mid-clearance 
period. Urine specimens were collected prior 
to 0800* for blanks and subsequentlj' bj' 
catheter. Inulin analyses were as described 
by Ahdng ct al.,' " the Folin methods being 
used for exogenous creatinine and urea. The 
formula. Cm = U^'/B, calculated inulin and 
exogenous creatinine clearances, whereas the 
usual 2 formulas of Van Slj-ke were used for 
urea. Clearance values were corrected to a 
surface area of 1.73 sq. m. 

Results and Discussion. A total of 46 
inulin, 26 exogenous creatinine, and 41 


flow, expressed as % of intake, in patients 
with toxemia. In this series experimental 
conditions necessitated a controlled in- 
take ante- and postpartum. Resultant 
figures, computed as % increase in output 
postpartum, are quite labile (551 % mean 
average for 5 patients, or 371 % for 12 
patients with toxemia), but suggest an 
improvement in urinary flow following 
delivery. In general, ante- and post- 
partum urine volumes paralleled corre- 
sponding clearance figures for inulin and 
exogenous creatinine. It would appear 
that low renal outputs were directlj’ 
concerned with the number and permea- 
bility of active glomeruli and a maximum 
constant rate of water reabsorption in 
tubules. 

2. Urea Cleauante. According to 
establi.shcd stanilards' the average values 
for precclampsia and hj'pcrtension, antc- 
and postpartum, arc .55 and 79% for spe- 
cific toxemias (former) and 64 and 76% 
for the latter; whereas figures for normal 
pregnancy are 102 and 125 %. In Table 3 
results are converted to % normal; these 
agree quite well with above standards, 
.56 to 92% for precclampsia and SI and 
77% for hj'pertension. In general, urea 
clearance viilucs paralleled those of inulin 
and c.xogenous creatinine. 


* Military' time. 
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3. Exogenous Creatinine Clearance. 
Although clearance rates for endogenous 
creatinme approximate those for irmlm or 
manitol,”'*® it is contended that the former 


is excreted partly by tubules, particularly 
in subjects with depressed renal function.*'* 
Certainly the oral Ingestion of creatinine 
materially raises its clearance.** This 


Table 2. — Glomerular Filtration Rate — Inulin, Creatinine and Urea 


No, 

1 

Diagnosis 

Hypertension 

Ante- or 
postpartum 

Ante 



Post 

2 

Preadampsia 

Ante 

Post 

3 

Preeclampsia 

Ante 



Post 

4 

Hypertension 

Post 

6 

Preficlampsia 

Ante 

Post 

6 

Preedampsia 

Post 

7 

Preedampsia 

Ante 



Post 

S 

Hypertension 

Ante 

9 

PreL'dampsia 

Post 

10 

Preedampsia 

Ante 

11 

Preedampsia 

Ante 

12 

Normal prog. 

Ante 

13 

Normal prog. 

Ante 

14 

Hypertension 

N* 

ir> 

Hypertension 

Post 


♦ Not 


Plasma clearance 



(cc./min.) 




. 1 .-*.^ 

Urea 

Urine 


Exogenous 

clearance 

(cc./min.) 

Inulin 

creatinine 

rate 

0.53 

99 

76 

42.0 

1.13 

86 


32.5 

5 53 

141 

179 

74 0 

2.05 

114 

151 

46.0 

7.00 

159 


67.0 

1.60 

130 


17.0 

3.66 

233 


96 0 

3 66 

206 


77 0 

0.83 

91 


35 5 

0 46 

74 


35 0 

3.46 

118 

98 

64 0 

2 50 

122 

185 

35 0 

2 00 

88 

68 

55 0 

2 30 

128 


47 0 

1 26 

108 

123 

64 0 

9 65 

260 

195 

150 0 

8 20 

219 

276 

121 0 

9 70 

130 

207 

67 0 

7 10 

148 

201 

63 0 

6 05 

124 

191 

00 0 

0 37 

62 


15 0 

1 07 

40 

137 

25 0 

0 60 

60 

99 

28 0 

0 93 

64 

132 

29 0 

0 80 

40 

155 

33 0 

8 30 

212 

222 

77 0 

7 50 

111 

191 

55 0 

C 50 

130 

171 

54 0 

3 60 

176 

277 

82 0 

6 50 

105 


53 0 

5 00 

138 


66.0 

3 80 

165 


57.0 

2 93 

138 

219 

67 0 

1 63 

67 


20 0 

2 33 

121 


35.0 

2 37 

102 


34 0 

4 00 

107 



3.00 

90 



1 98 

127 

94 

40.5 

1 2G 

130 

115 

44 0 

5 25 

182 

280 

100.0 

3 v80 

133 

215 

67 0 

0 90 

135 

178 

45.0 

1 10 

135 


30.0 

2 23 

129 


51.0 

5 90 

134 

. 

48.0 


pTCRoaot. 
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latter observation, interpreted as definite improvement in postpartum filtration 
evidence of its tubular excretion, invali- rates constitutes the chief phenomenon 
dates use of an exogenous method for demonstrated by this method, although 
measurement of filtration rates. In this its cause, hormonal or mechanical or 
series the exogenous creatinine clearance otherwise, remains in doubt, 
rate usually exceeded that for inulin. Employing an azocarmine stain, Bell= 

4. Inulin Clearance. According to describes a thickened glomerular capillary 
Dill and associates,® filtration rates for membrane in kidneys from eclamptic pa- 
normal pregnancy are 116.14 ± 17.9 ante- tients. The comparatively diminished fil- 

partum and 139.3 ± 16.1 postpartum, tration rates, observed in specific toxe- 

Thus, in this series, the mean inulin value mias, have been assigned to this lesion 
antepartum was less than the lower limits which supposedly interferes mechanically 
of mean inulin deviation for normal preg- with the normal filtration process.® The 
nancy (Table 3). Antepartum values for consistent appearance of such a lesion in 
preeclampsia are therefore comparatively all cases of preeclampsia and eclampsia is 
low, improve markedly postpartum, and questioned. Moreover, the rapid change 
generally indicate interference with glo- from abnormal antepartum to normal 
merular filtration in acute stages of the postpartum filtration rates, covering so 

T.\bl,e 3.— Glomerular Filtration Rate^Computed Averages 

Plasma (cc./min.) 



Total 


Inulin 

Creatinine 


I'atiefita Clearuiices 

Mean 

.Mean 

Urea mean 
% normal 

Preerlampsia: 






.\nte 

0 

13 


144 

50 

Post .... 

0 

15 

Kil 

193 

92 

Hypertension: 






.■tnte 

2 

3 

120 

170 

SI 

Post . 

3 

s 

153 

132 

77 

Normal pregnancy: 






.■Vnte 

2 

•1 

90 

104 


Hypertension: 






Non-pregnant 

1 

3 

150 

220 

101 

disease. In hypertension 

little change 

little time as 90 hours in this 

series, makes 

ante- and postpartum was 

manifest. 

A 

anatomic changes unlikely. 


wide mean deviation occurred in toxemic 

Studies must be obtained from women 

patients. But, in general. 

these figures 

with severe 

preeclampsia, during the acute 


agree with those of previous reports phase, if these specialized methods arc to 
(Table 1). Note, however, the tremen- be more completely evaluated. Most 
dons diuresis manifested by some post- patients in this series had symptoms of 
partum patients (Xos. 5, 6, 7 in Table 2). severe toxemia. But all of these did not 
Urinary outputs of 540 to 600 cc./hour have suppressed inulin rates. One woman, 
approach limits for maximum renal ex- No. 2, A\-ith muscular twitching, men- 
cretion. Glomcnilar filtration rates were tal stupor, epigastric pain, hypertension, 
high in some of these cases. 4-1- albuminuria and headache, had a nor- 

Tlie low antepartum filtration rates, at mal inulin clearance, 130 cc./min. On 
least in specific toxemias, seems to be a the other hand, a second patient, Xo. 
consistent finding. But this reduction is 1, in whom to.xcmic symptoms were 
scarcelv sufficient to explain the markedly lc.ss severe, exhibited the most marked 
disturbed water and electrolyte balance antepartum inulin suppression, 40 to 
present in such patients. The dramatic 64 cc./min. (Table 2). 
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The appearance of oliguria or anuria 
during pregnancy toxemia constitutes a 
serious prognostic sign. With the advent 
of newer methods for kidnej’’ research it 
was hoped the mechanism of this suppres- 
sion would become explained. Such was 
not the case. Most published data have 
been collected from patients with adequate 
urinary outputs; and- it was impossible to 
measure clearances by the usual methods 
in women with anuria. This last diffi- 
culty could be obviated by injecting dio- 
drast or p-amino hippuric acid, introduc- 
ing a venous catheter (via. jugular to vena 
cava) to renal vein levels, collecting that 
blood and brachial arterial blood, and cal- 
culating renal blood flow. Such an ex- 
tended procedure, however, is not always 
advisable. The follovdng case report 
illustrates the difficulties encountered in 
investigating renal function in patients 
with anuria. 

Case Eeport. Case 1. A. S. (No. 6317), 
an unregistered 24 year old septagravida, 
entered the hospital near term in coma with 
history of 3 convulsions. There had been a 
previous toxemia as well as hypertension 
during present gestation. In addition, a 
blood pressure of 230/160, 4-+- albuminuria 
and normal fetal heart were noted. Usual 
therapy, consisting of hypertonic glucose, 
sedation and bag induction of labor, was 
followed by clinical improvement. However, 
200 cc. sucrose was administered intrave- 
neously twice in the next several hours. 
Conwilsions and coma reappeared. Anuria 
developed and the patient expired 24 hours 
after admission. Blood chemistr}'- analyses 
disclosed depleted blood chlorides and acido- 
sis. Arteriolar spasm was visualized during 
ophthalmoscopy. Microscopic examination 
of kidneys revealed marked swelling of 
nephron cells, avascular glomeruli and fatty 
degeneration of tubules. 

This case, representing a patient with 
chronic vascular disease and eclampsia, 
was not subjected to the increased manip- 
ulation.s which a specialized renal investi- 
gation would have entailed. The ri.sk was 
too great. Note that the intravenous 
administration of hypertonic glucose w;is 


followed by some clinical improvement, 
but that injected 50% sucrose, injudici- 
ously employed, terminated in anuria, con- 
vulsions and death. The depleted blood 
chlorides, 512 mg. per 100 cc. prior to 
injection and 244 mg. 4 hours later, con- 
tributed to the disturbed osmotic rela- 
tionship. It serves to illustrate the advan- 
tage of intravenous hypertonic glucose 
which suppresses blood chlorides less and 
yet produces twice the osmotic effect of 
sucrose solutions. Large avascular glo- 
meruli, typical for eclampsia, do not ex- 
plain the presence of anuria. Urinary 
suppression is probably functional, not 
organic, in origin. Possibly the "fatty 
degeneration,” observed in tubules of such 
cases, represents an effort at secretion 
rather than a degenerative process. 

Probably the best opportunity to study 
renal suppression is found in toxemic 
patients with complicating oliguria. Ches- 
ley'* has noted a suppressed endogenous 
creatinine clearance in oliguria induced 
by water restriction, and suggests that 
urine volumes vary with filtration rates. 
The results in this series, so far as low 
antepartum volumes are concerned, con- 
firm that work, although the output was 
not artificially reduced, or below the level 
for oliguria, 0.5 cc./min. However, clear- 
ance tests conducted on patients with low 
urine volumes are notoriously inaccu- 
rate.^-^® It is often difficult to insure com- 
plete urine collection, and, at low outputs, 
the numerator of the clearance ratio (U/B) 
suffers disproportionate variations. Earle 
and Berlineri® propose a simplified pro- 
cedure in which renal blood flow and glo- 
menilar filtration are measured simulta- 
neously without the collection of urine 
specimens. A constant intravenous infu- 
sion pump delivers a measured amount of 
solution of known concentration. Since 
inulin (or mannitol) and diodrast (or p- 
amino hippuric acid) are eliminated almost 
entirely by the kidneys, clearance rates 
are calculated by dividing the amount of 
these chemicals injected per minute by 
their plasma concentrations. Such a 
method allows prolonged observation of 
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patients with oliguria and reduces errors 
sually ascribed to an inaccurate collection 
of urine specimens. 

In the followdng case report, mannitol 
and p-amino hippuric acid were employed 
to measure filtration rate and renal blood 
flow. 

Case 2. P. K. (No. 375466), a registered 
33 year old gravida 4, observed from the 
12th week of pregnancj’’ ndth h 3 'pertension, 
was induced near term, and delivered of a 
2830 gm. li\dng female infant. On the 8th 
postpartum day, a severe headache, dizzi- 
ness, vomiting and blood pressure of 270/160 
suddenly appeared. This was followed by 
a 6 hour period of oliguria, the hourly out- 
put being 10, 10, 65, 25, 10 and 20 cc. Man- 
nitol and p-amino hippuric add clearances 
were obtained. These were calculated as 
53 cc. plasma/minute for mannitol, half 
normal value, and 650 cc. plasma/minute 
p-amino hippuric acid, an adequate figure 
for renal blood flow. During this hyper- 
tensive episode marked arteriolar spasm 
was detected in scleral vessels bj' capillary 
microscopy. Subsequently urinarj' function 
improved in this patient. 

Transient oliguria has been produced 
experimentally by prolonged immersion of 
a limb in an ice-water bath." In addition, 
arteriolar constriction has been detected 
by ophthalmoscopy' during an ice-water 
test.'® These observations suggest that 


oliguria is due to a reduced rate of glo- 
merular filtration. The angiospasm, ob- 
served in scleral vessels and representative 
of identical process in renal arterioles, may 
cause the urinarj' suppression observed in 
some patients with pregnancj' toxemia. 

Summary. Simultaneous inulin, exo- 
genous creatinine, and urea clearance tests 
were obtained from 15 women, 12 of whom 
had severe signs of pregnancj' toxemia, 
Urinarj' output, under identical conditions 
of fluid intake, improved markedlj' post- 
partum. Results for urea clearance com- 
pared favorablj' with established stand- 
ards. With few exceptions figures for 
exogenous creatinine clearance exceeded 
those for inulin. 

In severe preeclampsia, inulin, exogen- 
ous creatinine, and urea clearance rates 
were comparatively' reduced antepartum, 
paralleled each other, and improved dur- 
ing the puerperium. Considerable varia- 
tion in inulin clearance values exists in 
patients w'ith pregnancy toxemia. 

Severe cases, particularly those with 
oliguria, cannot be accurately investigated 
by the usual clearance methods employ- 
ing collected urine specimens. Conse- 
quently', additional evidence is necessary 
to determine the exact mechanism of 
oliguria and anuria. The possible etio- 
logic significance of angiospasm is postu- 
lated. 


The author is indebted to Dr. AVm. J. Dicckmann for advice conceminc chemical analysis, for help 
in preparing this manuscript, and for his interest in this -n-ork. 
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PLASMA ANGIOTONASE CONCENTRATION IN NORMAL AND 
TOXEMIC PREGNANCIES* 

By Ernest W. Page, M.D. 

ASSISTANT PnOFESSOn OF OBSTETRICS AND GYNECOEOGY, UNIVERSITY OF CAI.IFORNIA MEDICAE SCHOOE 

SAN FRANCISCO, CAI.IFORNIA 

(From the Department of Obstetrics and Gynecology, University of California Medical School) 


The renal pressor system is the term 
commonly employed to describe the bio- 
chemical reactions mediating acute hyper- 
tension of renal origin. As illustrated in 
Figure 1, angiotonin (hypertensin) is 
formed by the proteolytic action of renin 
upon a protein which exists in small quan- 
tities in normal plasma, and is destroyed 
by an enzyme, or mixture of enzymes, 
called angiotonase (hypertensinase). The- 
oretically, hypertension could result from 
an increased concentration of either renin 
or renin substrate in the blood, or from a 


various hj'pertensi^'e disorders without 
finding any significant variations, but their 
series included only 1 pregnant subject.'* 
It is very likely that renin is present in 
small quantities in the plasma of all nor- 
mal individuals,® and it is quite possible, 
in fact, that the renal pressor system is 
one of the homeostatic mechanisms for 
the maintenance of normal blood pres- 
sure.’ If the angiotonase “ deficiency 
theory”® accounted for the hypertension 
of eclampsia, one should find a consistent 
lowering of plasma angiotonase activity 


RENIN + RENIN SUB5TRATE- 

(Enzume from kidney) (Globulin from liver) 

ANGIOTONIN 


(Active polypeptide") 

t 

Destroyed by 

ANGIQTONA5E 

(Free peptidase in plasma") 

Fig. 1. — The renal pressor .system 


deficiency of angiotonase, and each of 
these possibilities has been suggested as 
a cause of experimental rentd hyperten- 
sion. The physiology of eclamptic hyper- 
tension has been discussed previously,*® 
and the work of Kellar and Sutherland® 
supports the same thesis' that the eleva- 
tion of blood pressure in this disease is of 
Immorally mediated chemical origin. Dex- 
ter and Hayne.s® demonstrated renin in 
the blood of 1 woman with eclampsia and 
in 2 out of 7 women with preeclampsia. 
They also studied the angiotonase levels 
«if the plasma in human subjects with 


in this disease. The present study con- 
sists of a quantitative estimation of 
plasma angiotonase in both normal and 
toxemic pregnant women. 

Methods. Renin sul)strate was prepared 
from beef blood by adding an equal volume 
of cold saturated solution of ammonium 
sulfate to 2 liters of serum, dialyzing the 
precipitate for IS hours in the cold and re- 
dissolving it in 1% saline in an amount 
equivalent to one-tenth the original volume 
of serum. Angiotonin was prepared hv 
incubating 200 cc. of the substrate solution 
with 0.5 gm. of commercial (Smaco) hog 


* S^upported by ynints from the John and Marj- Markle Foundation and the James Foundation Fund. 
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renin for 15 minutes at 40° C., then lou-ering 
the pH to 5.5 and precipitating the proteins 
in a boiling water bath. The filtrate con- 
taining the angiotonin was stored at 6° C. 
under toluol. 

A smooth muscle preparation most sensi- 
tive to angiotonin is the rat uterus.' We 
found that the most satisfactorj'’ assays 
were obtained with the uterine horns of 
adult rats which have been ovariectomized 
about 2 weeks prior to use. This procedure 
abohshed the spontaneous motiUty as well 
as the fluctuations of sensiti\dty due to the 
estrus cycle, but responsiveness of the uterus 
to angiotonin remained. In addition to its 
economy, the rat uterus method has the 
advantage of being insensitive to histamine, 
accurate to about the same degree as the 
blood pressure assay (plus or minus 20%), 
yet permitting multiple determinations on 
a small sample. The uterine horn is sus- 
pended in a 20 cc. capacity bath of Tyrode’s 
solution maintained at 37° C. by a water 
jacket, and the writing lever is carefully 
counterbalanced for each strip. A stream 
of fine oxj’gen bubbles must come into con- 
tact with the uterus continuouslj'. In 
matching responses, the mean rise of tonus, 
rather than the peak of the clonic response, 
is the more accurate indication of the dose. 
One "test dose” of angiotonin is the amount 
which produces an arbitrarj* 40 mm. re- 
sponse on the record (equivalent to an 8 mm. 
contraction of the uterine horn). 

For the determination of plasma angio- 
tonase, oxalated blood is collected with 
special precautions against hemolysis. Ten 
cc. of hemoglobin-free plasma is added to 
40 cc. of 0.9% saline containing 50 “test 
doses” of angiotonin, adjusted if necessary 
to pH 7. An initial sample of 12 cc. is 
withdrawn immediately and inactivated 
with heat and acetic acid. The remainder 
of the mixture is incubated at 40° C., and 
12 cc. samples are withdrawn at one-third 
less than the time estimated for half destruc- 
tion, at the estimated half time, and at one- 
third more. (The time for destruction of 
half the angiotonin varies from 3 hours in 
a non-pregnant indindual to about 30 min- 
ute<= in a pregnant woman near term.) As 
each sample is removed, it is immediately 
inactivated and the filtrate is neutralized 
just before the assay. The percentage of 
angiotonin remaining in each sample may 
be plotted on the abscissa of semi-log paper, 


with the time in minutes on the ordinate. 
A straight line is best fitted to the 4 points, 
the initial sample always representing 100% 
angiotonin concentration at 0 time. In this 
way, the time for 50% destruction may he 
easily found. 

Our unit of angiotonase activity is that 
described bj' Plentl and Page” and is based 
upon the kinetics of a first order reaction. 
Angiotonase units (a.u.)/cc. of plasma = 

— 0.693 ^ ^ plasma dilution. In 

§ tune (mm.) 

the method described, where the plasma 
dilution is always 1 in 5, a.u. at 40°/cc. = 

346 

tj (min.) 

Results. The plasma angiotonase 
concentrations are illustrated in Figure 2. 
In 10 healthy non-pregnant subjects, there 
were from 0.9 to 2.5 units of enzjune 
activity/cc. of plasma, with a median 
value of 1.4. In the first half of pregnancy 
(5 cases), there was a moderate elevation, 
but this was not manifested during the 
first trimester. In the second half of 
pregnancy (11 cases), there was a progres- 
sive increase, the values ranging from 5.8 
to 13.8, with a median value of 7.6 a.u./cc. 
Four samples of fetal cord blood showed 
the same concentration as the maternal 
blood (5.8 to 11 units). Plasma angio- 
tonase falls to normal levels within a few 
days after delivery. 

In 5 cases of preeclampsia, 3 gave nor- 
mal values for the corresponding stage of 
pregnancy and 2 were low. Similarly, in 
5 cases of eclampsia, 3 were normal and 2 
were low. There was no correlation be- 
tween the plasma concentration of angio- 
tonase and either the severity of the dis- 
ease or the level of blood pressure. The 
2 most severe cases of eclampsia, for ex- 
ample, had the’ highest and the lowest 
values respectively, and the angiotonase 
concentration in the patient vdth the 
liighest blood pressure (220/140) had a 
concentration of 10 a.u./cc. plasma. 

Discussion. The cause of the 4 to 10- 
fold increase in plasma angiotonase in 
normal pregnancy is not known, nor is its 
physiologic significance clear. Other en- 
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zymes, such as histaminase^ and pitocin- 
ase® show a similar though much more 
marked increase during pregnancy, and 
it is possible that both of these, together 
with the enzymes which we refer to as 
angiotonase, are contributed directly to 
the maternal blood by the placenta. Curi- 
ously enough, there are marked variations 
in the plasma concentration of all 3 en- 
zymes in the presence of preeclampsia or 
eclampsia, supporting the conclusion that 
the enzyme changes are not the cause of 
the hypertension but the reflection of a 
more general and profound biochemical 
disturbance associated, perhaps, with an 
alteration of placpntal function. 


angiotonin. This was tested on a short 
series of 9 patients by Dr, L. A. Sapirstein 
in the following manner: A slow intra- 
venous infusion of normal saline was 
started and the blood pressure recorded 
every minute until a basal level was estab- 
lished. The angiotonin (0.4 cc. of a sterile 
solution kindly supplied to us by Dr. O. 
M. Helmer of the Eli Lilly Co.) was then 
introduced into the venoclysis tubing in 
order to avoid both the pain and psychic 
stimuli associated with venipuncture. The 
diastolic pressor response was plotted and 
the rate of disappearance was determined 
by extrapolation to the original base line. 
On 4 non-pregnant gynecologic patients, 



Fig. 2.— Plasma angiotonase concentrations during pregnancy 


It was pointed out by Sapirstein, Reed 
and Page^* that the greatest part, if not 
all, of the destruction of angiotonin under 
physiologic circumstances occurs in the 
plasma. The duration of the pressor re- 
sponse to intravenously injected angio- 
tonin varies inversely with the plasma 
angiotonase concentration. One might 
anticipate, therefore, that pregnant women 
should show a diminished response to 


the average duration of blood pressure rise 
was minutes (angiotonase level, 1.5 u./ 
cc. plasma). On 2 puerperal women, 48 
hours after delivery, the pressor response 
lasted 5| minutes (average angiotonase 
concentration at this time is 2.8 u./cc. 
plasma). On 3 puerperal women 24 hours 
after delivery, the pressor response lasted 
only 3} minutes (a%'erage angiotonase 
value, 4 u. at this time). 
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hile we did not test any women before 
delivery because of the possible risks of 
oxytocie effects of angiotonin, we would 
antieipate from these data that the blood 
pressure response of a woman at term to 
the same dose would last for only 90 sec- 
onds. By analogy, pregnant women 
would be far more resistant to the blood 
pressure raising effeets of renin, inasmuch 
as the latter depends upon the formation 
of angiotonin in vivo, and therefore preg- 
nant women would be less susceptible to 
hypertension resulting from renal ischemia. 
If the angiotonase content of the plasma is 
similarly elevated in the plasma of preg- 
nant rats, it would account for the resis- 
tance of pregnant animals to the effects 
of renal ischemia'- as Avell as for the decline 
of renal hypertension during the latter part 
of a rat’s gestation, a decline which we 
have shown to be dependent upon the 
presence of a placenta rather than the 
fetuses or the endocrine changes." 

The fact that fetal cord plasma con- 
tains the same high levels of angiotonase 
as the maternal plasma suggests that this 
enzyme, unlike pitocinase, is able to 
traverse the fetal capillaries. We might 
anticipate that the enzyme would also be 
lost through the damaged glomerular cap- 
illaries in cases of eclampsia, along with 
other plasma proteins, and this would be 
the most likely explanation for the low 
plasma concentrations occasionally en- 
countered in toxemic pregnancies with 
marked proteinuria. Unfortunately wc 
have no data on the angiotonase activity 
of the urinary protein in these ciises. 

Summary. Assuming that the hyper- 
tension of eclampsia might be of renal 


origin, the possibility exists that it is 
based upon a deficiency of plasma angio- 
tonase (hypertensinase) activity, since 
the primary site of angiotonin destruction 
is the plasma. Accordingly, the plasma 
concentrations of angiotonase were meas- 
ured in 10 healthy non-pregnant subjects, 
16 women with normal pregnancies, 5 cases 
of preeclampsia and 5 cases of eclampsia. 
Observations were also made upon the fall 
of plasma angiotonase after delivery, the 
concentration of the enzyme in fetal coni 
plasma, and the correlation between the 
plasma angiotonase level and the duration 
of the blood pressure response to intra- 
venously injected angiotonin. 

It wiis found that there is a 4 to lO-fold 
increase in plasma angiotonase concentra- 
tion in the second half of normal pregnancy 
and a rapid return to normal after delivery. 
The same high levels were noted in fetal 
cord plasma. Puerperal women with ele- 
vated angiotonase values were found to 
have a diminished pressor response to 
intravenously injected angiotonin; it would 
be anticipated, therefore, that pregnant 
women (like pregnant rats) would be more 
resistant to hypertension resulting from 
renal ischemia. 

In the cases of preeclampsia or eclamp- 
sia, 4 out of 10 cases had values of plasma 
angiotonase acti\’ity which were low in 
comparison to normal pregnancy, but still 
above the non-pregnant level. There was, 
liowcver, no correlation between the degree 
of In-pcrtension and the pliusma angioton- 
ase. This finding makes it unlikely that 
a deficiency of this “protective” enzyme 
or group of enzymes is the basis for cclamj)- 
tie hypertension. 


Ri:n:ui:Ncr.is 

1. .\HL\HHK. Acta pliy-iol. ?raml.. 9. Suppl.. 2.S. J9It. 

2. DEXTr.n, L., anil n\x.vr->, I'. W.: Proc. Poe. Exp. Biol, ami Mei!.. 55, 2S-S, 1914. 

3. Gp.oi.lm\n. North Carolina Med. J.. 4. 41, 1913. 

4. H.xTXr.s. r. tv., and Dexter. L.; J. Clitj. Inve-t.. 24. T.'>. 1945. 

5. Kem-xr. 11. J.. and PuTnEni..exD, J. K.: J. Olr-t. and Clynec. Brit. Ernp., 48, 487, 1941. 
-C. Lcdvenv. r. P.‘. Rev. Poe. ardent, de Idol., 16, 3.5S. 1910. 

7. OcDEX. E.: Tl'xa.-, Rep. Biol. Med.. 2, 345. 1944. 

S. P.XCE, E. tv.: Unpuhln-hed olt-ervations. 

9. P.xoE. E. tv.: .Vni. J. Oh-t. and Gynee., 52. 1014, 1910. 

10. P.voE, E. tv., and Or.vv.s, E.: Am. J. Olj-t. and Gynee.. 38. 230. 1939. 

11. P.voE. E. tv., and Ooden. E.; -tm. J. Ol>-t. and Gynee. (in prc?a). 

12. P.xCE^ E. tv., P.viTOS. IE S., and OoOEX, E.; Am. J. Olr^t. and Gynee.. 41. 53. 1011. 

13. Plektl. a. and P.ige, I. IE: J. Exp. Med.. 78. 307. 1943. 

14. Sxpirstei.v, E. Reed. R. K.. and P.xoe. E. tV.: J. Eip. Med., 83. 425, 194C. 



SELIKOFF; diagnosis of generalized amyloidosis by the CONGO RED TEST 719 


DIAGNOSIS OF GENERALIZED AMYLOIDOSIS BY THE CONGO RED TEST: 

DEFINITIVE DIAGNOSTIC CRITERIA 

By Irving J. Selikoff, M.D. 

STATEN ISEAND 10, NE1V YORK 

(From the Medical Department, Rea View Hospital) 


The problem of the diagnosis of amyl- 
oidosis has always been an important one 
in the management of certain chronic dis- 
eases, particularly tuberculosis. Widely 
recognized as a frequent complication in 
this disease, recent studies have shown it 
to be even more common than suspected. 
Auerbach and Stemmermann,* in a re^^ew 
of over 2000 consecutive autopsies at Sea 
View Hospital, show that it occurred in 
over 22% of cases coming to postmortem. 
Rosenblatt^^ found an incidence of 24.4% 
in 451 consecutive tuberculosis cases. 
Other authors have reported similar fig- 
ur0s.6,9,i2 even these statistics are 

probably underestimates, since they are 
based upon routine examinations without 
the regular use of special stains. If 
methyl violet stains were done in every 
autopsy, at least in the liver, spleen, 
kidney and adrenal, many more case.® of 
minimal and moderate amyloidosis would 
he found. Be that as it may, tuberculosis 
is still one of our most common diseases 
and amyloidosis its most common com- 
plication. 

Until the introduction of the Congo 
red test by Bennhold'' in 1923, clinical 
diagnosis of amyloidosis was difficult and 
uncertain. Hepatosplenomegaly was the 
principal criterion and its frequent absence 
meant that diagnosis could be ventured 
vdth confidence only in advanced cases. 
Biopsy was of limited use since it was em- 
ployed principally in those cases where 
the liver and spleen were palpably en- 
larged and anatomic confirmation was 
necessary, being used in this manner by 
Josefson’" (spleen) and Waldenstrom-^ 
(liver). Therefore, the introduction of a 
.simple In’ochemical diagnostic test was 
indeed a boon to the clinieian. 

The rationale of the test was based upon 
firm anatomic grounds. Bennhold showed 


(and he has since been amply confirmed) 
that amyloid substance has a special affin- 
ity for Congo red and when this colloidal 
dye is injected into the blood stream, it 
is removed from the plasma by the amy- 
loid, so that when the blood is examined 
1 hour after injection, the dye is no longer 
present (“absorbed”)- Where amyloid is 
not present, most of the dye remains in 
the blood stream and is there found 1 hour 
later. Bennhold described 4 cases in his 
original paper who had complete absorp- 
tion of the dye in 1 hour and who on post- 
mortem showed amyloidosis. Soon after 
his paper appeared, other workers reported 
similar complete absorption confirmed by 
postmortem.** 

However, difficulties with the test were 
apparent even during the first studies 
made with it. The first difficulty was that 
the test could not detect small amounts of 
amyloid. Bennhold described a case 
which had only 22% absorption and yet 
on postmortem showed splenic amyloido- 
sis. Similar experiences of other workers 
led them to propose modification of the 
Bennhold technique to avoid this diffi- 
culty. Bennhold had injected 10 cc. of a 
1% aqueous solution of Congo red and 
then had estimated the amount of dye 
present in the blood 4 minutes after injec- 
tion (“the standard”). He ne.xt deter- 
mined the amount remaining after 1 hour, 
the difference between the 2 specimens 
showing the amount absorbed during the 
intervening period. Paunz’* used much 
smaller quantities of the dye in order to 
make the test more sensitive, and his tech- 
nique has been employed by other work- 
ers, but his modifications, as well as similar 
variations.® have never gained wide popu- 
larity and Bcnnhold’s method is still 
the basis for most of our present-day 
techniques. 
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Since technical improvement in the test 
have not been able to rid it of its inherent 

ability to detect small amounts of amyl- 
oid, this has become an accepted and tol- 
erated deficiency, and is known as a “false 
negative” result. 

A more important, and much more con- 
fusing, difficulty with the test is the “ false 
positive.” Here, the test indicates the 
presence of amyloidosis which is not there 
on postmortem. This has discredited the 
test with a number of workers. Jacobi 
and GrayzeF voiced this dissatisfaction in 
1945 and state that because of this “The 
test must therefore be considered as of 
little moment in the absence of symptoms 
or signs of amyloidosis.” However, this 
criticism of the test is a misdirected one. 
The trouble lies not with the test but with 
the interpretations with which it has been 
surrounded. This dates back to the orig- 
inal paper by Bennhold in which he states 
that absorption of over 40% is either 
amyloid or nephrosis and that absorption 
of over 60% is indicative of amyloidosis. 
But this statement was based on inade- 
quate evidence which was not strengthened 
by those who uncritically accepted his 
criteria in the next decades. Auerbach 
and his co-workers have shown on the 
basis of extensive anatomic material that 
absorption of from 40 to 90% was found 
just as well in cases who did not have 
amyloid as in those who did.*’ -' This 
question w.as recently thoroughly studied 
clinically and it was demonstrated that 
absorption of from 40 to 90% could under 
no circumstances be considered diagno.stic 
of amyloid.” If this had been established 
during the early dat-s of the tisc of the 
Congo red test, the number of .so-called 
“false positive” tests would be far fewer 
and the test would enjoy greater popu- 
larity. This is not to say that cases show- 
ing less than 90% absorption may not 
have amyloid — such cases occur, but the 
test docs not separate them from those 
who have no amyloid anti who have the 
same percentage absorption. The test, in 
this absorption range, has no diagnostic 


value and we should not call upon it for aid 
which it cannot give. 

Despite those cases of amyloidosis 
■ftfith incomplete absorption, in whom 
the Congo red test does not help us in 
diagnosis, the test is still of very great 
value. This is recognized by the wide 
acceptance of complete, or practically 
complete, absorption as diagnostic for 
amyloidosis. Schonberger and Rosen- 
blatt,*® 2 years after Bennhold’s paper 
appeared, reported 3 cases which showed 
complete absorption of the dye; amyl- 
oidosis w’as confirmed at postmortem. 
Nathan,*^ although using smaller quanti- 
ties of the dye, accepted as positive only 
those tests in which no dye is present in 
the 1 hour specimen. Moschkon-itz'^ 
states that 100% absorption is reliable, 
and Cohen,® on the basis of his clinical 
experience, states that complete absorp- 
tion is diagnostic of amyloidosis. Vivoli-’ 
accepted as proof of the presence of amyl- 
oidosis the removal of the dye from the 
plasma cn toidliir while Pearlman'® con- 
siders absorption of over 90% of the dye 
as positive. Harmon and Kernwein’ state 
their position, " If a positive result, by 
which we mean complete removal . . . 
is obtained, there is little likelihood tliaf 
the condition is other than amyloid dis- 
ease. Only 1 case*' of a ‘false positive’ 
is on record if the criterion just mentioned 
is accepted.” Finally, the work of these 
observers was reviewed, and their own 
extensive material was summarized, by 
Stemmermann and ATicrbaclr* in 1944 
who state that “90 or 100% absorption 
of Congo red dye is to be considered a 
positive result.” 

Neverthclc.ss, despite these assurances, 
exceptions have been showm even to the 
rule that complete or almost complete ab- 
sorption means the presence of amyloid 
substance in the body. This w.as first 
noted by Lipstein and Auerbach" in 1937 
when they described 1 c.'L'c of 100% 
absorption and 2 cjlsc-s of 90 to 99% ab- 
sorption which, on j>ostmortem. .showed 
no amyloid. Thirteen additional such 
cases were later reported by Stemmermann 
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and Auerbach, this number representing 
6.5% of Congo red tests done upon 200 
patients in whom autopsy showed no amyl- 
oid present. Thus, it would seem that a 
false positive test is not an uncommon 
occurrence even when comparatively rigid 
criteria are used. 

Recently, an extended clinical study 
was undertaken to see whether any cri- 
teria could be established which would 
avoid even the infrequent errors noted 
above. As a basis there was taken the 
widely accepted approval of 90 to 100% 
absorption as a positive test. A further 
lead was noted in Stemmermann and Auer- 
bach’s observation^^ that false positive 
tests, upon repetition, became negative. 

Material and Methods. Sixty-one patients 
from the large patient population of Sea 
View Hospital were chosen for this study. 
Each case suffered from either pulmonary 
or osseous tuberculosis and had shown from 
90 to 100% absorption on the Congo red 
test—this was the only criterion for inclu- 
sion in the group to be studied. Each pa- 
tient was then thoroughly reviewed clini- 
cally, complete phj^sical examination done, 
and serial Roentgenograms and clinical course 
reviewed to establish the duration and course 
of the disease. Laboratorj'^ studies included 
multiple urine examinations for proteinuria, 
casts, red cells and specific gravity, with 
other tests done where necessary. From 
the above the clinical diagnosis of amyloid- 
osis was attempted. 

Each case was then retested Avith the 
Congo red test. The technique used was 
Taran’s-® modification of Bennhold’s method, 
which has been adopted as standard by the 
Committee on Standard Laboratory Pro- 
cedure of the American Trudeau Society.* 
This modification has been shown to result 
in fewer false ncgative.=! since colorimetric 
difficulties due to hemolysis are avoided. 

Anatomic correlations were attempted in 
as many cases as possible, including those 
coming to postmortem and by biops}' in a 
much larger number. Biopsy was done of 
the liver or spleen in a few cases and of the 
gingiva in many others. The latter site has 
been shown to contain amyloid deposits in 
many cases of amyloidosis, although not in 
every case.-'’ 


RESULT.S. Our studies confirm the 
general proposition that complete or 
nearly complete absorption of Congo red 
can be used to establish the diagnosis of 
generalized amyloidosis. However, as will 
be noted below, several important condi- 
tions must be attached to this statement. 

Tesis Shoioing 90 io 99% Absorption. 
First of all, we have found that, contrary 
to previous statements, the absorption of 
from 90 to 99% of Congo red cannot be 
accepted as a reliable indication of the 
presence of amyloidosis. We studied 10 
patients who showed 90 to 99% absorp- 
tion. Upon retesting, 3 again showed 90 
to 99%, while 7 on retesting showed less 
than 90% absorption. These figures are 
not as interesting or as informative as are 
the detailed analyses of the cases immlved 
(see Table 1). Each of the 3 Avho showed 
no change on retesting had clinical evi- 
dence of amyloidosis; in addition, 1 had 
a positive gingival biopsy and another 
showed amyloidosis on autopsy. Of the 
7 cases who had less than 90% on re- 
test, 2 had clinical evidence of amyloid 
and each was proven morphologically, 
one by liver biopsy and theother by autopsy. 
The remaining 5 patients, however, showed 
no evidence of amjdoidosis. Brief case 
reports follow: 

Case 2. G. T. This patient is a 52 year 
old white male whose pumonar}’^ tuberculosis 
began in 1936, but has ■ emained es.sentially 
non-progressive since that time and the pa- 
tient is able to work at a part-time job. 
At no time has his fiver or spleen been 
palpable and 27 examinations of his urine 
revealed a faint trace of protein 4 times. 
A routine test on Oct. 5, 1943, showed 
90% absorption. The patient was retested 
on Feb. 4, 1946, but now showed 25% ab- 
sorption. There is no explanation for this 
discrepancy. 

Case 3. C. C. This patient is a 25- 
year old white female Avhose disease began 
in 1938. She was admitted to Sea VicAv 
Hospital in 1939. A right pneumothorax 
controlled her disease on that side and a 
left thoracoplasty was performed in 1942, 
but her sputum continued alternately posi- 
tive and negative. However, her clinical 
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condition remained good and she was dis- 
charged in April 1946 for follow-up care. 
At no time during her hospitalization was 
there any clinical evidence of amyloidosis. 
Liver and spleen were not palpable and, 
except for occasional faint traces, her urine 
showed no proteinuria. On May 13, 1942, 
a Congo red test was routinely done and 
showed 60% absorption. Five months late-i 
another Congo red test showed 90% absorp- 
tion. Retested once again on Nov. 10, 1945, 
she showed 50.4% absorption. 

Nummary. This patient never showed evi- 
dence of amyloidosis. There is no explana- 
tion available for the variation in the i-esults 
of the Congo red test. 

Case 6. F. M. This patient was a 27 
year old white male whose illness began in 
1937. A right thoracoplasty was done in 
1939 and was revised in 1942. However, 
this therapy did not control the disease 
which was gradually progressive and the 
patient died on May 6, 1946, of pulmonary 
insufficiency. Three Congo red tests were 
done routinely. On Oct. 19, 1938, there 
was 60% absorption. On Mar. 7, 1941, 
there was 70% and on Nov. 26, 1945, there 
was 90% absorption. During all this time, 
the liver and spleen were never palpable and 
on many dozen urine examinations protein- 
uria Avas never found excejrt on 1 occasion 
in 1941 during a febrile postoperative period. 
The patient was retested on Mar. 7, 1946, 
and was found to have 23% absorption. 
There is no explanation for the previous 
90% absorption.. 

Case 7. H. P. This patient is a 40 year 
old colored male who Avas admitted to Sea 
VicAV Hospital .luty IS, 1944, Avith a 2 year 
history of pulmonary tuberculosis. He 
stated that he habitually consumed large 
quantities of alcohol. His liver Avas slightly 
enlarged and firm on admission, but his 
spleen has neA'er been palpable. Sixteen 
urine examinations Avcre made— a verj-^ faint 
trace of albumin Avas present on 2 occasions. 
On August 13, 1945, a routine test Avas done 
preparatory to ju-esentation to Surgical Con- 
ference and shoAved 98% absorption. This 
Avas repeated April 2, 1946, and then resulted 
in 37% absorption. There is no apparent 
explanation for this discrepancy. 

Case 10. I. D, This patient Avas a 20 
ye.ar old colored male aaRo Avas found to have 
pulmonary tuberculosis during draft board 
examination in .Tuly 1944. He shoAved 


symptoms for the first time in March 1945 
when caseopneumonic tuberculosis of the 
left lung AA'as found. His disease ran an 
active course Avith spread to the right side 
and he died of a pulmonary hemorrhage on 
Mar. 6, 1946. At no time Avas his liver or 
spleen palpable. His urine shoAvs occasional 
very faint traces of protein (during periods 
AA'hen his fcA'er reached 105.8° F.). A Congo 
red test Avas done on Nov. 26, 1945, and 
shoAved 95% absorption. This Avas repeated 
on December 5 and only 29% absorjAtion 
Avas found. Autopsy AA'as performed and 
revealed caseopneumonic tuberculosis, dis- 
seminated miliaiy tulAerculosis, intestinal 
and laryngeal tuberculosis. No amyloidosis 
Avas found. 

Thus, it Avill be seen from the aboA'e that 
only 3 patients out of 10 aaRo had from 90 
to 99% absorption remained Avithin this 
range upon retesting. Tavo others, Avho 
shoAA'ed decreased absorption on retest, 
Avere clinically and morphologically proA’en 
amyloid. One-half of the patients shoAved 
negative results on retest Avith no evidence 
of amjdoid and 1 of tliese Avas proven non- 
amyloid at autopsy. We, therefore, feel 
that absorption Avithin this range is not 
diagnostic of amyloid. 

Tesis Rcsidiing in 100% Absorption. 
Thirty-three cases Avere available for study 
Avho had had 100% absorption in pre\u- 
ously performed Congo red tests. Clinical 
evaluation and Congo red retesting of this 
group leads to the conclusion that 100% 
Congo red absorption is almost, but not 
quite, diagnostic of amyloidosis. Re- 
test of the patients in this group shoAA^ed 
that 30 of them remained 100% on the 
second test. Gingival biopsies confirmed 
the diagnosis of amyloidosis in 18 of 19 
in Avhom it A\'as attempted — and the 19th 
later came to postmortem and shoAved 
marked renal amyloidosis. In 2 other 
cases of this group in AA’hich autopsy Avas 
done, amyloid Avas found. In 1 case, re- 
test shoAved 95 % absorption ; amyloid As-as 
present on postmortem (Table 2). 

The 2 remaining cases, ncA-ertheless, 
Avere disquieting, both .shoAving negati\’e 
results on retest. Summaries of their case 
histories are presented beloAA-. 
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Case 1. F. DeS. This patient x\-as a 
29 j’ear old white female on admission to 
Sea View Hospital in April 1942, with a 
6 3'ear historj" of her disease. On admission, 
she was found to have pulmonary' tubercu- 
losis comphcated b}' an emp^’-ema necessi- 
tatus. Thoracotomy', thoracoplasty and 
Schede were done in 1943 and resulted in 
conversion of her sputum and control of 
her disease. After re\’ision of her Schede 
wound in 1945 she was discharged as ar- 
rested in January 1946. Clinically, no e\d- 
evidence of araj'loidosis was ever present 
except for occasional traces of proteinuria. 
A Congo red test done on Feb. 7, 1944, 
showed 25% absorption. In July', a second 
test showed 100% absorption and 1 done 
on Dec. 17, 1945, showed 64% absorption. 
The first test ivas done routinely' before 
surgical conference, the second because of 
a palpable liver at the time of a biliary colic 
and the third in the course of this study'. 
There was no clinical e\idence of amy'loid 
at any time. The reason for the 100% 
absorption is unknown— any' relation to the 
liver involvement is conjectural. At the 
time of discharge the patient had no e\'idence 
of amyloidosis. 

Case 2. M. C. This patient was a 24 
year old white female on admission to Sea 
View Hospital in 1941 with a 2 y'ear history 
of pulmonary' tuberculosis. A left thoraco- 
plasty' was done in 1942, converting her 
sputum, and she was discharged as arrested 
in 1943. She was re-admitted in August 
1944 with a giant check-valve cavity' in 
her right lung. In JIarch 1945 a right 
cavemostomy was done and her sputum has 
been negative since. At no time while 
under observation has she presented any 
ex'idonce of amyloidosis clinically. Five 
Congo red tests were done in this patient, 
the first 4 routinely before presentation to 
surgical conference and the oth during this 
studv. The results are listed: Nov. 27, 
194T 60%; Dec. 23, 1941, 100%; Jan, 14, 
1943, 80%; .Mar. 12, 194.5, 29%; Feb. II, 
1946, 50%. There is no rc3«on to believe 
that the 100% absorption represented amy'l- 
oidosis. There L* no explanation for the 
variation of these results. 

Our e.xpericnce in finding that. 2 of the 
33 c:i5cs who had had 100% ab'Orption 
showed negative results on retest is by no 
means unusual, as we have note<l above. 


This is quite in accord -ndth the anatomic 
observations of Stemmermann and Auer- 
bach-* who noted that in 200 consecutive 
autopsies which showed no amyloid in any 
of the organs and in which Congo red 
tests had been done during life, 9 had 
shotvn 100 % absorption being truly “ false 
positives.” It seems clear that a single 
100% Congo red absorption cannot be 
considered as absolutely diagnostic of 
amyloid. Our findings also support the 
observation made by Stemmermann and 
Auerbach-* that repetition of the test in 
patients with 100% Congo red absorption 
■will tend to weed out cases without amyl- 
oidosis who might have shown, for some 
reason, complete absorption on their orig- 
inal test. 

Tests Shoii'irig two Co7iseciiilvc Complete 
or Nearly Complete Congo Red Absorptions. 
Since 90 to 99 % absorption certainly' shows 
no great diagnostic reliability and since 
even 100% absorption may occasionally 
be misleading, we have sought a possible 
definitive diagnostic criterion for the 
Congo red test. For this, we studied 
21 patients who had shown, on 2 consecu- 
tive occasions, complete or nearly complete 
absorption of Congo red. 

Our findings in this group were reward- 
ing. Every patient who had shovm a 
positive Congo red test on 2 occji.sions 
had a positive result upon retest (Table 3). 
Since this was in accord with our clinical 
and morphologic investigations of these 
patients, we have come to the conclusion 
that a definitive tliagnostic criterion for 
the Congo red tc'st may' i)e i-stablishcd by 
requiring at leiust 2 complete or nearly 
complete absorptions before amyloidosi.s 
he definitely statexl to be present. 

Tliesc clinical irnprcs.sion.s are in com- 
plete agreement with the autopsy e.xperi- 
cnce at Sea View Hospital wliere there has 
never been a case seen which hacl 2 con- 
secutive complete or nearly complete ah- 
sorption.s which did not have amyloid 
anatomically.^ Every ca'-e which has 
shown 2 such absorptions ha- always 
.shown amyloid. 
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Discussion. There has now been ac- 
cumulated sufficient clinical, experimental 
and anatomic data to assay reevaluation 
of the Bennhold Congo red test anti to 
define adequate criteria for its use. 
First of all, tliere is little doubt that it 
is a valuable weapon in our diagnostic 
armamentarium. There are few diseases 
in which so simple and so useful a test is 
availaljle. It is to be regretted that the 
test is still insufficiently employed in many 
institutions. 

e propose the following criteria for 
the evaluation of the Congo red test. 
These are based on the morphologic data 
of .Vuerljach and his co-workers and upon 
the clinical studies reportcrl here and 
elsewhere. 

1. Thov 'fr.sis Shoiring From 0 to S9% 
Ah<)orj)lion. These results must be con- 
sidered as negative. Patients without 
amyloidosis almost always fall within this 
group. While it is true that their results 
are usually in the lower half of this range, 
they may be scattered anywhere within it. 
.\ti analy.^is of 1000 consecutive Congo 
red tests at Sea View Hospital reveals 
that 80.8% of all tests are in this group 
(Table -1). 
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whereby the Congo red test, unaided by 
biopsy^ can be used to differentiate them 
from cases without amyloidosis similarly 
falling within this absorption range. Nev- 
ertheless, these cases are not numerous 
and will not work too great a hardship 
on our diagnostic rcsource.s. They will 
occur, moreover, mainly in cases of mini- 
mal amyloidosis, which usually are of 
lesser clinical significance. This is an 
unavoidable deficiency of the test which 
must be put up with. Occasional false 
negatives must be expected if we are to 
avoid the greater embarrassment of the 
false positive. 

2. Casrji S/ioiriiig From 90 to 99% Ah- 
sorption. Patients who show this amount 
of absorption of injected Congo red often 
have amyloidosis. They have it more 
frequently than patients with, say, .">0% 
absorption. But they frequently do not 
have amyloidosis, as has been seen from 
our stuflies above. Tims, unless clinical 
evidence of amyloid is present it would 
be unsafe to use the Congo red tc-st with 
this amount of absorption as diagnostic 
evidence of amyloidosis. Therefore, ab- 
sorption of from 90 to 99% is merely sug- 
gestive of amyloidosis (perhaps strongly 
stiggestive when clinical evidence Is pres- 
ent) Imt otherwise is of little aid. 

.f. T(xix Sliou'iug 100% Atiforplton of 
Congo Rut. .\ patient who shows com- 
plete absorption of Congo red 1 hour after 
the injection prol)ably has amyloidosis 
whether or not clinical evideme is j)rc-cut. 
However, this i- not always true. Occ.'i- 
sioiial eases will occur when a I(K)% Congo 
red absorption will mislc.id us and will 
]x>int to the <liap)o-is of amyloido-i- when 
there is none j)rcsent. We suggest that 
when lfX)% ab-orption is found a jjrovi- 
sional «liapio-is of amyloidosis be made 
but that it not be <T)n-idercd definitely 
e-tablishcfl until the test be reiK-.'ite<! and 
another complete or nearly Cf)mplete ab- 
sorption re-idt. 

•5. TV.'t* Shoiring Comphtr or Sinrhi 
Cninphlt Ah^oriition on at J.trtA J Omt- 
rionx. We believe that thi- rigid (ritfrion 
should Ik- i-tabli-hfd for tie- definitive 
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diagnosis of amyloidosis by the Congo red 
test: that a case not be considered amyl- 
oid unless 2 consecutive complete or nearly 
complete absorptions be obtained. We 
have never seen such a patient show a 
negative result on any further retest and 
no such patient has come to post-mortem 
without showing amyloidosis. 

If the above criteria are adhered to, the 
Bennhold Congo red test will prove to be 
an exact instrument in the diagnosis of 
amyloidosis. 

Summary. 1. The Congo red test is a 
valuable aid in the diagnosis of amjdoido- 
sis. It is based on the removal of intra- 
venously injected Congo red from the 
blood stream by amyloid substance, if 
this be present. 

2. Where only small deposits of amyl- 
oid substance are present, there vdll be 
failure to absorb appreciable amounts of 
Congo red. This will lead to a “false 
negative” result. 

3. These patients, with small amounts 
of amyloid, show 0 to 89% absorption. 


Patients without amyloidosis give similar 
results. The test does not differentiate 
between them, and in this range has no 
diagnostic value. 

4. There is widespread acceptance of 
90 to 100% absorption as diagnostic of 
generalized amyloidosis. However, it has 
been shown that cases occasionally occur 
which show 90 or 100% absorption and 
yet have no amyloid. These are "false 
positive” tests, 

5. Clinical studies were undertaken to 
determine definitive criteria for the diag- 
nosis of amyloidosis by the Congo red test 
which would avoid even the infrequent 
“false positive.” The conclusion was 
reached that a patient should not be con- 
sidered amyloid unless there is complete 
or nearly complete absorption on 2 con- 
secutive Congo red tests. We have never 
seen such a patient show a negative result 
on further retest and no such patient has 
yet come to postmortem without showing 
amyloidosis. 
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Because of it.s iiigii rate of occurrence 
in the American Negro — approximately 
7 % by most estimates® ® '^'^— the sickle 
cell phenomenon has been subjected to 
hundreds of clinical and laboratory invc.s- 
tipations. The variegated patterns of the 
disease picture have been portrayed com- 
prehensively in the recent reports and 
reviews by Wintrobe,®'® Lewis,’® iMoscly,'® 
Murphy and Shapiro/'"-® and others. 
Agreement is universal that the disturb- 
ances exhibited by afflicted individuals 
can be attributed largely and probably 
entirely to some congenital and inherited 
defect of the red cell itself.' The curious 
shapes in sickle cell anemia are expressions 
of the abnormulity of the stroma. This 
^surve;\' sumimrizes some of the more recent 
advances in the deciphering of the bio- 
chemical mechanisms responsible for the 
sickling, and their relationships to the 
pathogenesis of symptoms and signs in 
childhood. 

The Red Cell. In 1939, Diggs and 
Bibb® reported on what was then known 
concerning the red cell in sickle cell ane- 
mia, based on rcAnew of the literature and 


personal observations of 47 patients with 
active sickle cell anemia at the John 
Gaston Hospital, Memphis, Tennessee. 
They pointed out that the structural 
alterations during sickling take place in 
a variety of ways, and that sickled cells 
take on a diversity of shapes and contours. 
Reticulocytes do not sickle as readily nor 
as bizarrely as do the more mature cells. 
Normoblasts undergo changes in shape 
even less readily, though they too may 
sickle. The type of cell adjudged most 
characteristic is “ the h\'perchromatic elon- 
gated form, pointed at each end and curved 
in the middle. . . . There is no sharp 

line of demarcation between the round, 
the oval, the blunt elliptic, the elongated 
elliptic, the elongated with one end and 
with two points and the cur\'ed cells with 
double points.” Target cells may also be 
seen. The elliptic and oat-shaped cells 
are deemed to have become irreparably 
changed in shape. 

The red cells may exliibit striking aniso- 
chromia, with diffuse basophilia, Howell- 
Jolly bodies, etc. Price-Jones curves of 
10 patients revealed marked, anisocytosis, 
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with average diameter greater than nor- 
mal. Nucleated rell cells are common. 
The reticulocyte count is elevated, the 
average for 42 patients being 15 %. More 
detailed studies of mean corpuscular vol- 
ume, mean corpuscular hemoglobin and 
mean corpuscular hemoglobin concentra- 
tion led Diggs and Bibb to concur with 
Wintrobe^^ that the red cells in sickle cell 
anemia are usually of the normocytic nor- 
chromic type, "with a tendency toward 
macrocytosis. In the fragility test bloods 
from patients with sicklemia as well as 
sickle cell anemia displayed an increased 
resistance to hypotonic saline solutions. 
Some of the red cells of a few patients 
failed to break up even when suspended 
in distilled water. This increased resis- 
tance is ascribed to the ability of these cells 
to alter in shape without placing their 
membranes under sufficient tension to 
cause hemolysis. 

The morphodynamics of the change in 
shape which takes place during sickling 
has been carefully observed by Ponder.*® 
Those red cells which become sickle cells 
when the O 2 tension becomes reduced, he 
termed meniscocytes. In their usual dis- 
coid shape meniscocytes are indistinguish- 
able from normal red cells and are referred 
to as premeniscocytes. 

By pressing on the cover-slip in sealed 
wet preparations with a dissecting needle, 
Ponder was able, with the microscope, to 
observe meniscocytes in a variety of posi- 
tions. Manipulation of position brought 
out a change in rigidity of the promenisco- 
cytes before any recognizable change in 
shape. If a cell is turned up on edge, for 
e.xainple, the upper part tends to fall over 
in the middle like a sheet of paper, as if 
the cell were unable to sustain its oum 
weight. A normal red cell, in contrast, 
has sufficient intrinsic rigidity to stand 
on end like a bit of cardboard. When 
currents in the fluid bring premeniscocytes 
into collision with one another one cell may 
hcnd almost at right angles in flowing 
over a rounded projection on another. 

After the stage of change in rigidity 
comcs the sickling phenomenon proper. 


The rim of the cell becomes thicker on one 
side and thinner on the opposite. The 
thinning proceeds until continuity breaks 
do^\m. The 2 newly formed ends then 
become separated by straightening out of 
the arc, which flattens the biconca\nty 
between them as the degree of curvature 
decreases. The thinned and stretched 
material of the biconcavity then expands 
at its unsupported edge into a series of 
veil-like projections. As the arc continues 
to straighten the veil-like material of the 
biconcavity follows the change of form of 
the arc, and in the completed meniscocyte 
appears as a very thin and almost invisible 
fringe lying within the sickle. The entire 
process of meniscocyte formation takes 
place usually within 1 and 2 minutes. 
Measurements show that in sickling the 
average cell increases in mean thickness 
but the volume remains unchanged. 

When oxygen is reintroduced these proc- 
esses reverse themselves, resulting in a 
normal appearing cell shape without any 
sign of where the biconca\'ity had been 
except for a small refractile globule which 
may not persist for \’ery long. 

To account for these shape changes, 
Ponder hypothesizes that the hemoglobin 
in the cell exerts an "expansive force.” 
This force is a function of the oxygen ten- 
sion which, in the normal red cell, can 
produce only tension or turgor because 
the surface ultrastructure is intact but 
which, in the premeniscocjde and menisco- 
cyte, produces sickling because the surface 
ultrastructure is defective. 

The essential mechanism for the devel- 
opment of the expansive force seems 
related to the conversion of hemoglobin 
from the combined to the reduced state. 
In cells which have been Ij’Sed by water 
the residual cell bodies no longer alter in 
shape when the oxygen tension of the sus- 
pending medium is changed. In the nor- 
mal red cell the forces of surface tension 
tend to induce a spherical form, whereas 
the interraolecular forces of the surface 
ultrastructure tend to maintain the bi- 
concave disk shape. If the ultrastructure 
is weak, as is assumed to occur in the 
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prorneniscocytc, tlie form forces tend first 
to break, and then to distort, tlic C-shaped 
rim of the cell into tlie shapes wliieli the 
nieniscocyte successively assumes. Con- 
versely, diminution of the tur^'or-jirodue- 
ing forces hy oxygenation of the hemo- 
globin allows the intermolecular arrange- 
ments in the surface ultrastructure to re- 
establish themselves, and the disk form 
becomes restored, essentially hy jjrogres- 
sive re-curvature of the C-sluipcd rim. 

In 2 patients with sickle cell anemia 
Singer^ observed a markedly increased 
resistance to lysoleeithin. (Lysolecithin 
is a hemolytic substance contained in 
normal blood serum, which can be c.x- 
tracted and used as a means of testing red 
cell fragility.) A third patient, however, 
presented a normal lysolecithin fragility 
though the cells were saline resistant. 
Thus there was a lack of complete paral- 
lelism between the resistance of the red 
cells in sickle cell anemia towards hypo- 
tonic saline solutions and towards lyso- 
lecithin. 

Studies on the blood of normal Negroes 
by Helm and Jacobs'- revealed a high 
osmotic resistance of at least some of the 
red cells. In one woman with sickle cell 
anemia this peculiarity was greatly ex- 
aggerated. 

Tomlinson and Jacob-® concluded from 
experiments with washed red cells that 
carbonic anhydrase is probably present in 
normal active amounts in the red cells of 
persons with sickling, and that it does not 
enter into the phenomenon of sickling be- 
yond the normal function of facilitating 
the exchange of carbon dio.xide and oxygen. 
Sickling can be precipitated in viro and 
experimentally by alterations in the ratio 
of combined to dissociated hemoglobin 
within the red cell.'’*’ In the presence of 
high oxygen tension most of the hemo- 
globin exists in the combined form as 
oxyhemoglobin, and the red cells tend to 
remain entirely normal in shape and be- 
havior. As the oxygen tension is lowered 
and the contained hemoglobin becomes 
correspondingly dissociated to the reduced 
form, the red cells begin one by one to 


sickle until finally (experimentally) 100% 
will a,s.sume some abnormal form. It 
would api)ear that each cell hits a .specific 
threshold for sickling determined by the 
percentage of reduced hemoglobin. When 
this threshold is reached sickling is abrupt 
and almost instantaneous. 

Cro.ssing the threshold in the opposite 
direction reverses the process. Sickled 
red cells when placed in contact with 
oxygen rca.ssume immediately their orig- 
inal disk shapes and become indistinguish- 
able from normal red cells. 

Ham anfl Castle" have observed that 
red cells when stored in rilro increase pro- 
gressively in volume, spheroidicity and 
fragility, and ultimately hemolyze. These 
jwogressive changes are believed to be 
caused by metabolic processes which 
increase the osmotically active constitu- 
ents of the red cells. The authors suggest 
that stasis in the spleen and other organs 
may c.xplain the hemolytic destruction of 
red cells which takes place in the uctive 
phase of this disease. The time required 
for samples of blood from patients with 
sickle cell anemia to run through an Ost- 
wald viscosimeter was found to increase 
markedly when the oxygen tension of the 
blood was lowered to 40 mm. Hg or less. 
In contrast, serum or plasma from these 
patients, normal blood and blood from 
patients with other forms of hemolytic 
anemia exhibited no differences in the 
rate of flow in the vu’seosimeter, whetlier 
fully o.xygenated or full^’ reduced. The 
suggestion made is that when any dis- 
turbance, such as an infection, leads to 
increased plasma viscosity or tendency to 
rouleau formation the resultant delay in 
the passage of red cells through capillaries 
decreases the oxygen content and initiates 
a vicious cycle of erythrostasis and of 
hemolysis. 

A reexamination of the behavior of the 
red cells in sickle cell disease has been 
made by Murphy and Shapiro'’“ (1944). 
From the difference observed in the rate 
and extent of sickling between whole fresh 
blood and mediums such as serum and 
saline solution which contain no fibrin 
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meshwork, they revive the old hypothesis 
that sickling is in some way related to the 
development of the fibrin net. They con- 
firm the accepted principle that the 
dissociation of oxyhemoglobin bears a 
direct relationship to the phenomenon of 
sickling, with the cautious reminder that 
sickling and the dissociation of oxyhemo- 
globin may be simply parallel incidents, 
causally unrelated. Indirect evidence, 
such as the resistance to sickling of imma- 
ture red cells and the invariable reversible 
association between sickling and oxygen 
asphyxia of the cells, argues for a causal 
relationship between the two occurrences. 
The sickling threshold for red cells is some- 
what variable, depending on age of the 
cells. The evidence indicates that as the 
cells age the threshold becomes lower. 
Some cells sickle when a small part of 
their hemoglobin is uncombined, whereas 
sickling in others may require dissociation 
of almost all of the oxyhemoglobin. No 
relationships were found to variations 
in electrolyte ionic balance, though the 
level of available potassium in the cell 
may be of some significance in the .sickling 
phenomenon. 

Prolonged administration of SO to 100% 
oxygen to patients with sickle cell anemia 
was undertaken by Reinhard, Moore, 
Pubach and Wade,-' to determine whether 
the oxygen tension of arterial blood could 
be raised sufficiently to decrease the extent 
of the intravascular sickling. It was hoped 
that this might reduce the rate of hem- 
olysis, with consequent lessening of the 
degree of anemia and with relief of pain 
during sickle cell crises. 

Pure oxygen was given without inter- 
mission for 8 to 20 days to patients having 
abdominal or muscular pain, with no relief 
being obtained. Within a short time after 
the flow of oxygen was started, neverthe- 
less, the percentage of siekled cells in both 
venous and arterial blood decreased deci- 
sively in the venous circulation, often 
from over -10% to less than 20%. Tliis 
change persisted as long as pure oxygen 
was breathed. The oxygen content of 
the arterial blood beeatne increased so 


that it equalled or exceeded the oxygen 
capacity. No consistent change occurred 
in urobilin excretion in urine or feces to 
indicate that the rate of hemolysis had 
been materially altered. 

The most dramatic results of prolonged 
giving of oxygen were: (1) a fall in reticu- 
locytes which usuallj' began on the 4th to 
6th day and which lowered the level from 
the initial 20 to 30 % to as low as 1 %, and 
(2) a fall in the red cell count, which 
usually began on the 6th to 8th days and 
was as great as 0.5 to 1.5 million red cells. 
The giving of nearly 100% oxygen thus 
depressed erythropoiesis — the physiologic 
antithesis of the erythroid stimulation 
produced by low oxygen tensions. After 
the oxygen was discontinued the reticulo- 
cytes rose again, to reach a peak of occa- 
sionally more than 50 to 80% on the 5th 
to 8th day, and the red cell levels began 
to increase coincidentally. 

A critique of the methods commonly 
advocated for detection of the sickle cell 
trait has been presented l)y Diggs and 
Pettit.® Of the methods tested, namely 
the moist preparation, the gas chainijer 
method, the moist stasis preparation, the 
test tube method, and moist preparations 
plus dyes and other chemicals, the pro- 
cedure which proved most reliable and 
practical was the moist stasis method. In 
this procedure a rubber luind is placed 
around the proximal portion of the sub- 
ject’s finger and allowed to remain for 
5 minutes before the finger-tip is puncturcfl 
to obtain a drop of blood. The blood 
is sealed \imler a cover-slip, and left up 
to 24 hours l)eforc the final reading is 
made. It is always julvisable to make 
several moist .stasis preparations from each 
I)atient to guard against artefacts, and tile 
preparations should be made rapidly to 
prevent insofar as possililc tlic exposure 
of the drop of blood to the air. Xcvda 
and Rosen'® claim that sickling in artificial 
circumstances can be accelerated In- 
adding a droplet of a broth culture of nor- 
mal feces to the blood placed on the testing 
slide. 



732 


PROGRESS OK MEDICAL SCIENCE 


Actirr r.i. Lalcnl. Tlic active variety 
(known customarily as “sickle cell ane- 
mia” or "disease”) is a chronic hemolytic 
disturl)anee associated witli striking blood 
changes and obvious signs and symptoms. 
The latent variety, known as "sicklemia” 
or the “siekle cell trait,” is viewed as 
non-productive of .symptoms anti free 
from blood changes, apart from the ten- 
deney of a proportion of the red cells in 
wet preparations to assume the eluiracter- 
istic bizarre .shapes. 

It has been known for some time^'’ that 
the red cells from individuals with sickle 
cell anemia change shape more rapidly 
and in greater numbers than those from 
individuals with the sickle cell trait. 
Sherman" discovered that a much lower 
atmospheric prc.ssure, i. r., a much lower 
oxygen tension, is required to profhice 
sickling in tlie sickle cell trait than in 
sickle cell anemia. In wet preparations 
at pressures of approximately oO mm. of 
mercury the sickling was regidarly pro- 
duced in the red cells from 4 patients with 
anemia but not at all in 3 patients with 
the sickle cell trait. 

Sherman carried this obscr\’ation to 
the 77! rko situation. He filled the dead 
space in a Luer syringe with white oil, 
attached a needle and withdrew blood 
from patients in the usual manner. With- 
out e.xposure to air about 1 cc. of the 
blood so obtained was injected into 2 or 

3 cc. of saline formalin under oil, Jind 
examined microscopically jifter a few 
minutes allowed for fixation. Sixteen 
such tests on patients with sickle cell 
anemia showed in every instance between 
30 and 60 % of the red cells to be in char- 
acteristically sickled forms in the venous 
circulation. Eight similar tests on 6 pa- 
tients with the sickle cell trait showed no 
sickle cells in the venous circulation in 

4 instances, and only a rare sickle cell 
(less than 1 %) in each of the remaining 
tests. Application of a tourniquet for 
10 minutes before the test failed to show 
any marked effect in either class of 
patients. This method is presented as a 
quick and simple diagnostic test between 


sickle cell anemia and the sickle cell trait. 
Interestingly, arterial puncture performed 
in this milliner in sickle cell anemia re- 
vealed up to 20% of the rod cells “incom- 
pletely sickicd,” whereas venous blood 
obtained at the same time from the same 
patients showed between 40 and 60% of 
the cells to be “more definitely sickicd.” 

Sherman found also that in sealed 
standing preparations iin increased leuko- 
cyte concentration, a temperature eleva- 
tion, and bacterial contamination each 
accelerate sickling, whereas saline dilution 
and increased oxyhemoglobin concentra- 
tion retard the phenomenon. “This fur- 
nishes an c.xplanation of the inconsistency 
of results obtainable with this method.” 

Sf.di.mentation Rate. It is well known 
that there exists a definite association 
between the tendency of red cells to form 
rouleiiux and their sedimentation rate. 
The rapidity of the sedimentation rate 
usually is inversely proportional to the 
rapidity of sickling. Buntingr noted that 
sickled red cells from patients with 
either sickle cell anemia or the sickle cell 
trait failed to form rouleaux or to sedi- 
ment iippreciably within 1 hour. Non- 
sickled cells from tliese same patients 
formed rouleaux and sedimented normally. 

Tn 6 of 10 patients with sickle cell 
••inemia studied by Winsor and Burch^'’'’ 
the sedimentation rates were unusually 
.slow. Experiments indicated that this 
delay was linked to the degree of carbon 
dio.xide saturation of the blood. The re- 
tardation in rate of sickling was greiiter 
as the carbon dioxide content became 
raised, as after re-breathing, or on expo- 
sure of the red cells to carbon dioxide 
ki vitro. Conversely, inhalation of pure 
o.xygen bj' the patients, or exposure of 
the red cells to 100% o.xygen iv vitro, 
accelerated the rate. The fact that the 
sedimentation rates of the patients became 
accelerated by breathing 100% oxygen 
meant, to Winsor and Burch, that the 
blood of these patients was not fully 
saturated with oxygen when breathing air. 
This led to the recommendation that when 
operation is necessary for these patients 
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an anesthetic gas which does not produce 
anoxemia is to be preferred, 

Winsor and Burch®® ingeniously devised 
some simple tests, called the “diagnostic 
parameter,” based upon the faculty of 
the sedimentation rate in sickle cell 
anemia to be increased by oxygen and 
decreased by carbon dioxide. These tests 
were found to be 98% reliable in the 
identification of sickle cell anemia. In 
the “aeration-tourniquet” test a tourni- 
quet (blood pressure cuff) is applied to 
an arm for 6 minutes to produce venous 
stasis. Pive cc. of blood are drawn from 
a vein and placed in a small vial contain- 
ing an anticoagulant, stoppered, and ro- 
tated gently to avoid mixing the blood 
with air. A sample of the blood is set up 
for a sedimentation measurement imme- 
diately. The remainder of the Ijlood is 
rotated in air in a small beaker or Erlen- 
ineyer flask, to saturate it thoroughly. 
Tlie sedimentation rate of this aerated 
blood is also determined. Within 15 to 
GO minutes the difference between the rate 
of fall of the aerated and non-aerated 
samples should be greater than 20 mm. 
per hour if the patient has sickle cell 
anemia. As soon as this parameter is 
reached, the test need not be continued 
further. A similar but more difficult ap- 
proach is to withdraw blood from the 
arm, expose half to oxygen and half to 
carbon dioxide in separate containers, and 
note the difference in rate of sedimentation. 

Pathogenesis of Lesions. Changes in 
local organs can lie attributed to the 
almormal red cells, whose contours and 
rigidity interfere with smooth passage 
through narrow capillaries. As ISIurphy 
and Shapiro’”" express it, the red cell may 
be flexible and elastic in its disk form' 
but the moment it sickles it becomes 
“fixed and rigid as a crystal of ice as it 
niove.s about and abuts against cells and 
fixed objects.” Tiie end-to-end length of 
the sickled form may range from 2 to b 
or more times the transverse dimension 
of the intact red cell, with long processes 
tapering from the ends. Tin's distortion 
of shape and inflexibility give rise to a 


tendency for the abnormally shaped cells 
to interlock and jam within the micro- 
scopic circulation. The capillaries, sinus- 
oids and small blood-vessels dilate, and 
the flow becomes sluggish. The local 
anoxemia which follows leads to still 
further deformities in cellular shapes, and 
soon the fine arterioles become occluded 
and begin to thrombose. The end of the 
process is local ischemia and necrosis, par- 
ticularly in areas with poor collateral 
circulation. 

Thrombosis of blood-vessels appears to 
be the most constant pathologic finding 
in sickle cell disease. In the pathogenesis 
of infarcts the first step is not anemia but 
thrombosis. Though conditioned by local 
anatomy, the mechanism is much the 
same in all organs. Death is usually due 
to some complication related to circula- 
tory stasis. 

Red cells are more likely to be sickled 
in the venous than in the arterial system. 
In active cases sickled cells are also found 
in large numbers in the liver at autopsy’-® 
and in the spleen at autopsy and at 
splenectomy.® In both of these organs 
the flow of blood can be slow, giving the 
red cells ample opportunity to discharge 
their oxygen.®® Murphy and Shapiro’®^ 
believe that the fibrosis and hemosiderosis 
characteristic of the spleen in sickle cell 
disease may be secondary to the sickling 
and stasis which obtains in that organ. 
“The sickled cells and the stasis lead to 
thrombosis of vessels, with infarction and 
.subsequent scarring and contraction.” 

Practically every organ of the bod.%' 
may be affected by the process, giving 
rise to a rich diversity of symptoms and 
signs.®" The cardiovascular system is 
affected in aliout 90% of patients, accord- 
ing to Winsor and Burch,®" who cite how 
a diagnosis of rheumatic or congenital 
Ijcart disease was made erroneously in 
more than half the patients at one hospital. 
Lesions of the nervous system ha\'e pro- 
duced paralytic changes thought to be 
poliomyelitis; pulmonary infarcts resem- 
ble bacterial or a typical pneumonia; in- 
A'olvement of the abdominal A-iscera, 



734 


pnoom:ss dk mkdical .sciknci; 


spleen, liver or pastro-infestinal (met can 
mimic niptiired peptic nicer, riiptiircd 
pall hlaflcler or acute appendicitis, leadinp 
to surgical intervention anti carrying a 
high mortality. 

Stasney’s-^ study of 12 spleens from 
patients with sickle cell flistnrhance re- 
vealed active erytlirophagocytosis by the 
Kupffer cells of the liver, and occasionally 
also by the retietdum cells of the spleen. 
The changes in the spleen were chiefly 
those of abnormal distention of the peri- 
follicular sinusoids, hemorrhage and hemo- 
siderosis. There was a propensity for the 
spleen to be large in childhood, small and 
atrophic in adult life. A significant com- 
ment was that no salient distinctions coidd 
he found between the clinically active jind 
clinically latent forms of sickle cell disea.se. 
The "inactive” cases c.\hilntcd the same 
sort of changes as the "active” ones, the 
differences being only in degree. 

Autopsy sections from more than 150 
spleens of patients with sickle cell dis- 
turbances were e.vamincd by Tomlinson.-' 
No congenital almormalities of the arterial 
capillary endings in the red pulp cords of 
the venous sinusoids, or of the pulp cords 
themselves were found. The histologic 
picture was that of chronic active liypcr- 
emia of the pulp cords, especially in the 
marginal zones. These were packed with 
lamellated sickled red cells which were 
believed, because of their shapes, to escape 
only with difficulty through the stomata 
of Mollier. The arterial capillary pressure 
accentuates the packing of the cells. Tom- 
linson proposed that the “pooling” and 
intense packing of the sickled forms in 
time leads to thrombosis, hemorrhage, 
and scarring with calcium and iron de- 
posits, resulting eventually in a small 
fibrotic spleen. 

The hemolytic manifestations of the 
disease can be interpreted as being due 
for the most part to the lysis and resolution 
of the multiple thrombi. To explain^the 
precipitation of hemolytic crises, Murphy 
and Shapiro*’" postulate that sickled cells 
accumulate in the circulation between 
crises, due to an increasing tendency of 


file red cells to sickle as they become 
older. ‘"J'lie concentration of the sickled 
form c\'cntuali\’ becomes so high that, 
possibly owing to alterations in the coagu- 
lating mechanism of the blood, they 
siuldenly precipitate out in a more or less 
simultaneous capillary blockage.” Far 
greater proportions of sickled red blood 
cells are destroyed in a crisis than are 
those still normal in shape. Thus, after- 
wards, relatively few red cells in the 
sickled form remain in the circulation. 
During the intervals between crises hemo- 
lytic acfivitx’ still goes on, the long brittle 
erythrocytes being broken up by the 
trauma of capillary pa.ssagc; a small 
degree of capillary thrombosis may also 
take place continvially, contributing to 
the sustainerl low-grade hemolysis. The 
trigger mechanism which sets off the mas- 
sive precipitation of sickled erythrocyte 
and Idockadc of capillaries is presumed to 
be an altered state of blood coagulability. 
"With each thrombosis there are liberated 
into the circulation certain coagidating 
bodies (thrombin, thromboplastin) which 
further enhance thrombosis and accelerate 
the precipitation out of the circulation of 
sickled red cells. A self-perpetuating 
sickle cell crisis is thereby inaugurated 
which gains momentum until the major 
part of the sickled cells are destroyed and 
the blood is again rejuvenated by release 
into the circulation of immature normally 
shaped cells. The sudden liberation of 
coagulating bodies into the circulation ac- 
counts for thrombosis of larger blood-ves- 
sels also.” 

Hyperbilirubinemia as the result of the 
increased blood destruction can gi^'e rise 
to stones in the gall bladder, by much the 
same mechanism as leads to these concre- 
tions in other varieties of hemolytic 
anemia.'® An excess of bilirubin in the 
bile favors aseptic precipitation of pigment 
in the biliary tract. Once the nucleus of 
a gall stone is formed, secondary factors 
such as stasis and infection determine its 
ultimate chemical composition. In most 
reports the stones have been described as 
multiple, small, greenish black and soft, 
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Meditemuic'iiii area. Ogden eonelnde.s, trait in a wliite penson i.s a definite proof 
dogmatically, from Ins e.xamination of tlie of admi.xtiire of Negro blood in the im- 
evidence, tliat “pre.senee of the sickling mediate or remote ancestry.” 
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phrodites who luive been brought up as 
females. The answer to tlic.se cpiestions 
is found in the study of each individual 
patient. In young women who have no 
ovaries at all, a satisfactory vagina can 
be made atul maintained if it is used often. 
Even in male pseudohermaphrodites Frank 
has successfully made vaginas which have 
not contracted. The chance of making 
and preserving a functioning vagina is 
distinctly less if ovarian function is absent 
or if the patient does not have normal 
se.x life. In deciding whether a vaginal 
construction is likely to be successful in 
any given ease, the psychic and sexual 
attitudes of the patient are to be consid- 
ered. Many iromen uv’tJ? noTiniil vagmas 
have unsatisfactory coitus and complain 
of dyspareunia because of nervous tension, 
hypersensitiveness, and sexual frigidity. 
If the patient with gynatresia also has 
these psychic and mental traits, the chance 
of success is distinctly decreased. The 
technique which he has used is as follows; 
A transverse incision is made across the 
vestibule, where the opening of the vagina 
should be. If there is a rudimentar,\' 
vagina, the incision is made across its 
vertex. A plane of cleai'age is almost 
invariably found and can be followed 
without difficulty. As a rule, the vaginal 
space can be separated in 5 or 10 minutes, 
largely by blunt dissection. Having pre- 
pared the desired space, the proper vaginal 
form is then placed in it. He has used 
balsa wood forms in most of his recent 
cases because it is light, easily cut to any 
shape, and so cheap that one can keep a 
dozen or more forms ready at all times. 
They can be given to the patient. Each 
form is covered with a rubber condom, 
and sterilized by soaking in bichloride of 
mercury solution and then alcohol. A 
set of these forms is ready for use when 
one starts the operation and the appro- 
priate size can be used in each case. 
Thiersch grafts are sewed over the form 
by interrupted sutures of the finest cat- 
gut (0000). The form is then inserted 
into the dissected space, and the operation 
is over. The form is not disturbed for 


3 weeks; by that time the grafts should 
have taken strongly, and most of the 
vaginal walls should be firmly covered by 
healthy skin. The u.s'e of grafts hastens 
the covering of the vaginal walls and de- 
creases the formation of scar tissue, which 
may tlevelop with slower epithelization. 
If the grafts do not take, they will slough 
out, and there is an e.xcellent chance that 
the Vagina may then be covered by the 
spreading epithelium from the vaginal ori- 
fice, if the forms are kept in long enough . 
An indwelling urethral catheter may be 
tiscd or not, as one chooses. The vaginal 
orifice must be large enough to avoid 
compressing the urethra between the pubis 
aa(] the form, otherwise the terminal ex- 
ternal urethra may slough. 

Eegardlcss of the choice of material or 
technique of operation, unless one dissects 
out a large vaginal space, the result will 
probably be disappointing. One should 
see to it that the space is deep (11 to 
13 cm,), wide, and that the vaginal orifice 
is big, admitting 3 fingers. During the 
months after operation, the walls tend 
to contract, and lienee one must create a 
space larger than is really’ needed. .■Ifter 
the vagina lias been made and is covered 
by epithelium, it may get bigger and 
deeper with coitus; but this does not 
obviate the necessity of having an ade- 
quate space to begin with. Bleeding is 
not commonly encountered in dissecting 
out the vaginal space. If it is, it should 
be controlled completely, so that the 
grafts may lie on a dry surface. The 
points which are most liable to bleed are 
the lateral walls at the level of the broad 
ligaments. During the dissection, one can 
feel these structures like bands of thin 
ribbon. If they do not yield to blunt 
dissection, they must be cut. Otherwise 
they will constrict the vagina at that 
point and give the vagina an hour-glass 
shape. Also, since these areas are vascu- 
lar and convey the vaginal branches of 
the uterine vessels, tliey will bleed unless 
they are properly handled. Such vascular 
areas should be ligated bj^ transfixion. 
Serious hemorrhage has occurred after 
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diameter to admit 2 fingers. The .smiill 
cireular bit of mucon.s membrane ■which 
had originally' covered the very immature 
vagina had been pushed further and 
further upward while this was being done, 
so that it finally rested on and covered 
the top of the newly made vagina. How- 
ever, all the rest of this 7 cm. long tube 
was raw and covered with neither mucous 
membrane nor skin. Using a method 
similar to, but not cxaetly like the method 
described by Graves, and later by Davis 
and Cron, the following attempt was made 
to cover over these raw areas. The labia 
minora were dissected off from above 
downward in such a way as to leave 
pedicles large enough to furnish good cir- 
culation. The available mucous mem- 
brane in each flap was increased by split- 
ting apart from below the surfaces of each 
labium minus, thus converting the large 
folds into flat surfaces. These flaps were 
then sewed deeply into the vagina with 
No. 0 chromic catgut. Tlie raw areas 
left by dissecting away the labia minora 
were then covered by sewing together the 
‘ adjacent skin surfaces vdth interrupted 
sutures of plain catgut. Care was taken, 
both in making these flaps and later in 
covering all the raw areas, not to injure 
in any way, or encroach too closely on, 
the clitoris. This patient was fortunate 
in ha^'^ng unusually long labia minora, 
for by using them, as just described, it 
was possible to cover over the entire 
lateral and most of the anterior and poste- 
rior walls of the newly constructed vagina. 
Usually all that can be done ■with the labia 
minora is to cover over the lower part of 
the lateral walls, as the small lips are 
seldom long enough to stretch beyond 
this, no matter how the pedicles are cut. 

In the second case, an operation was 
refused. This refusal came not from the 
patient, but from the man to whom she 
had been engaged for many years, and 
later married. He would not consent to 
his fiancee being subjected to the risk of 
an operation no matter how slight the 
danger might be, so he decided to try 
Frank’s method. The patient was given 


a pyrex gla.ss rod Yiy inch in diameter, and 
told to press with this rod on the perineum 
over an area midway between the urethra 
and anus. At first, pressure was directed 
mostly backward, so as to keep from 
injuring the urethra. The direction of 
the pressure was changed at the end of 
a few weeks to upward and backward, 
following the same axis that the normal 
vagina takes. This patient was very in- 
telligent and conscientious. She worked 
with the pyrex tube for at least 5 hour, 
2 to 3 times a day. Progress was slow, 
but steady. At the end of 6 weeks, there 
was an opening which would admit the 
tip of the finger for a depth of 2 cm. 
When a little bleeding would oceur, as it 
occasionally would as a result of trauma, 
the patient stopped treatments for 48 hours. 
Six weeks later, the patient was able to 
introduce the glass rod 4 cm. She was 
then given a pyrex tube f inch in diameter. 
Three months later, or about 6 months 
after treatment was started, 3 fingers 
could be introduced into the vagina which 
was now 6 cm. long. One might ask why 
not use this method always; but Brady 
thinks it has m.arked limitations. This 
patient treated herself for 6 months, and 
the treatments were definitely painful. 
Only her conscientiousness in carrying 
them out made success possible. She 
was never able to wear any of the vaginal 
forms recommended by others. She tried 
them, but was unable to sleep ■\Uth the 
form in place, and could not carry out 
her duties as a nurse while wearing one in 
the daytime, ^^^len a patient has a small 
vagina to start with — perhaps measuring 
3 to 4 cm. in length — this method would 
seem to be the best. Then, too, as in this 
case, it is all that can be tried when an 
operation is refused. However, when there 
is no vagina, or only a dimple 1 cm. in 
depth, few women would continue these 
treatments long enough to make the meth- 
od succeed, and, therefore, in many in- 
stances, an operation is preferable. 

In the third case Brady tried the method 
of ^Miarton which we have pre^vdously 
described. He made his dissection up- 
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ward slowly until only about 1 cm. sepa- 
rated the top of the newly made vagina 
from the large mass which he had felt on 
rectal examination, and which up to that 
time he had thought to be the uterus. 
This dissection upward was carried out 
until a vagina 7 cm. in length had been 
made. At this point he thought it wiser 
to make a lower abdominal incision and 
actually see the condition in the pelvis 
before burrowing further upward from 
below. After making this incision, he was 
surprised to see that what he had thought 
was the uterus was the patient’s only 
kidney. There was no renal tissue in 
either renal fossa. The pelvic kidney was 
one-half again the size of a normal kidney. 
In this case there were embryologic de- 
fects in both the generative and urologic 
system. It has been pointed out by several 
writers that when tliere is a defect in 1 
of these 2 systems, one should be on guard 
for abnormalities in the other. In spite 
of this he mistook, at least temporarily, 
the patient’s only kidney for an enlarged 
uterus. If he had not recognized while 
operating, that he was dealing with some- 
thing very unusual and had continued 
his dissection upward from the vagina, 
tliere is considerable likelihood that one 
of the large renal vessels might have been 
torn, with very serious consequences. In 
tile future, in every case of absence of the 
vagina he will take a routine intravenous 
pyelogram before operating. 

In the fourth case an inverted r-shaped 
iueisinn was made through the skin, 
beginning just below the urcthr:i and ex- 
tending Ijackivard, and slightly laterally, 
until the dorsal end of the incision termi- 
nated 2 cm. ventrally and laterally to the 
anus. This incision was then continued 
tiu'ough the subcutaneous fat for about 
1 cm. Then, beginning at the ventral 
border, the tissue was undercut from 
above downward, forming a flap whose 
pedicle was the tissue in front, and just 
lateral to the anus. After turning the 
Hap baekward, the fat and subcutaneous 
li.ssue under it were carefully separated 
and stretcheil by blunt dissection until 


there was a cavity into which 2 fingers 
could be introduced for a distance of 8 cm. 
In carrying out this dissection, the opera- 
tor took special care not to come too close 
to the urethra, bladder or rectum. A 
retention catheter had been introduced 
into the bladder, and a rectal tube into 
the anus before the operation was started 
and, by means of these, it was possible to 
tell just how closely the dissection ap- 
proached the urinary and intestinal tracts. 
In this case, there was never any danger 
of the urethra or bladder being injured. 
However, as the dissection was carried 
upward, the rectum seemed to be getting 
nearer and nearer until only a small 
amount of tissue separated it from the 
carnty that was being formed. Because 
of this, the dissection upward was stopped 
when the cavity measured 8 cm. The 
steps remaining in the operation were 
those which would cover this cavity with 
epithelium and which would prevent its 
postoperative obliteration through con- 
traction. The first step in accomplishing 
this was to carry the U-shaped flap of 
skin and subcutaneous fat which had been 
made by the original incision deep down 
into the cavity and sew it to the underly- 
ing ti.ssue. No. 0 chromic catgut sutures 
were used for this fixation. The flap 
measured about fi cm. in length. By 
extending the ends of the original incision 
practically to the anal margin, this flap 
might have been made 1 or 2 cm. longer. 
To cover the anterior and lateral walls of 
the vagina, the labia minora were dis- 
sected of! from above downward in such 
a way as to leave pedicles sufficiently large 
to furni.sh good circulation. The available 
mucous membrane in each flap was in- 
creased by splitting apart from below the 
surfaces of each labium minus, thus con- 
verting the large folds into flat surfaces. 
These flaps were then sewed deep down 
into the vagina with zero chromic catgut. 
Care was taken, both in making the.se 
flaps and later in covering all the raw areas, 
not to injure in any w.ny, or encroach too 
closely on the clitoris. The only raw area 
that remained was in the uppermost part 
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of the posterior wall. To cover this with 
epithelium a mid-thickness split-Rraft, 
measuring 11 by 5 cm., was cut from the 
right thigh. This graft was sewed over a 
Wharton “vaginaform” made of balsa 
wood, then introduced into the vagina in 
such a way that it was in close contact 
\nth the remaining uncovered area. A 
retention catheter was left in the bladder. 
The patient left the operating room in 
good condition. There had been very 
little loss of blood. 

Somewhat similar to the technique 
which Brady used in his first case and 
yet differing in details is the method re- 
ported by Falls.® The operation is 
extremely simple, devoid of dangers and 
gives satisfactory results in the cases in 
whieh it has been used. As a rule, in 
these patients, the external genitalia are 
fairly well formed, and in many there is 
a slight pouch or at least a dimple in 
the perineum to indicate the normal loca- 
tion of the vagina. A circular incision is 
made around the edges of this dimple, 
creating a disk about 2 to 3 cm. in diam- 
eter. The edges of this disk are under- 
cut, leaving the center attached to the 
underlying tissue. The loose connective 
tissue between the bladder and rectum is 
separated by blunt dissection, and the 
disk of skin is pushed inward to form the 
vault of the new vagina. Skin flaps about 

1 cm. vdde are cut from the edges of the 
\ailvar opening by making lateral cuts at 
3 and 9 o’clock, the width of the flap, 
and extending the incision upward and 
downward for about 2 to 3 cm., making 

2 ribbons attached to the side of the 
■vuilva at one end which can be s^vung into 
the cavity, and the free edge sewed to the 
edges of the disk, forming the vault of 
the new vagina. ■ The same is done on 
the opposite side so that there are 4 strips 
of Aoilvar mucosa 1 cm. wide, each at- 
tached externally to the edge of the \mlva 
and internally sewed to the disk forming 
the vaginal vault by catgut sutures. The 
raw surface of the flap comes in contact 
with the walls of the cavity formed to 
permit sinking the disk, and the blood 


supply is cstidflished between the 2. The 
flaps also get a good blood supply through 
their attjichcd pedicle. Epithelization 
occurs between these transplanted strips 
of mucosa, and in about 2 weeks a com- 
pletely epithelized tube is formed. Dur- 
ing healing, the pouch is packed with 
gauze daily, and a moderate amount of 
pressure is maintained. Mter healing is 
complete, the pouch vdll he found to be 
about 2 inches deep, and may be deepened 
by wearing a vaginal plug at night and 
making rather strong pressure on the disk 
or vaginal vault daily. The patient can 
be taught to do this herself. 

A much better understanding of all 
these operations can be obtained by refer- 
ring to the illustrations which accompany 
the original articles. 

The most that is expected of any of 
these operations is the pro\asion of an 
artificial vagina that -ttnll permit reason- 
ably satisfactory se.xual relations. There- 
fore, the case reported by ^Miittemore*^ 
in which a pregnancy followed one of the 
operations is certainly interesting and 
extremely rare. The patient was a woman 
of 21 operated upon for congenital absence 
of the vagina, which was present in asso- 
ciation with a unicornuate uterus and a 
congenital absence of left kidney and 
ureter, left tube, ovary, round ligament, 
broad ligament and uterosacral ligament. 
There was also an abdominal left ninth 
rib. Within a few weeks after operation 
for the construction of an artificial vagina 
she became pregnant and later was deliv- 
ered by Cesarean section of a full-term 
living baby. 

At operation a No. 22 metal sound (F.) 
was first introduced into the bladder and 
held in the median line. With the left 
forefinger in the rectum, a 2 inch trans- 
verse incision was made midway between 
the external urinary meatus and the anus. 
By blunt dissection with the finger, the 
bladder was carefully separated from the 
rectum, until the cer\dx was finallj’^ felt. 
Much bleeding was encountered in tliis 
stage of the procedure from the perirectal 
venous plexus. The artificial ca\’ity thus 
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created was enlarged laterally on both 
sides until the cervix with its external os 
was visualized and until the cavity would 
admit to its full length a vaginal glass 
speculum 10 cm. long and 3.8 cm. in 
diameter. The cervix was then seized 
with tenaculum forceps and pulled down- 
ward more into the range of vision. At 
this stage a fistulous tract was seen ex- 
tending from the upper left side of the 
portio to the urinary bladder. Four 
sutures of No. 1 chromic catgut were 
placed through the upper and lower 
quadrants of the cervix and left long. 

, Four plastic flaps were next constructed 
to serve as a lining for the new vagina as 
follows; (a) Two flaps of mucous mem- 
brane were constructed by partially re- 
moving both labia minora beginning at 
the clitoris and dissecting them down to 
a point just above the orifices of Bartho- 
lin’s glands, including a broad pedicle at 
the base of each flap. Each of these was 
broadened out into a butterfly shape by 
incising the raw surface in its long diam- 
eter, (b) Then a flap was dissected from 
the inner aspect of each thigh consisting 
of the entire thickness of skin and subcu- 
taneous fat. The 4 flaps were sutured 
together over an old-fashioned glass vagi- 
nal speculum as a form, thus constructing 
a tube vdth an orifice at its apex to fit 
about the cervix after the method devised 
by Graves. The 4 sutures of No. 1 
chromic catgut which had been placed at 
the 4 quadrants of the cervix were thread- 
ed on a curved needle and brought 
through each of the 4 flaps near its apex. 
When these sutures were about to be tied, 
the glass form was removed and the entire 
tube was inverted, forming a lining for 
the artificially constructed vagina which 
was then packed with gauze overlaid ndth 
rubber dam. The thigh wounds were 
noted as reddened as early as the 3rd day, 
and by the 7th these began to gape. The 
left thigh flap had come out of the vagina 
and was partly necrotic. On the next 
daj- both thigh flaps had come out of the 
vagina and there was an increase in the 
purulent discharge. The perineal wound 


remained fairly clean and on the 11th day 
the edges were approximated with an ad- 
hesive bridge and the granulations sprayed 
with aristol powder. The labial flaps took 
well. On April 5, under cyclopropane 
anesthesia, a secondary closure of the 
thigh wounds was carried out. Granu- 
lating areas on the inner aspect of each 
thigh were curetted, the skin undermined 
above and below, and the skin edges fresh- 
ened. Approximation of the edges was 
accomplished with pulley sutures and by 
plain interrupted sutures of heavy silk. 
From his experience with this operation, 
Whittemore would in the future use only 
the labia minora to line the artificial 
vagina and not try to employ skin flaps 
from the thighs. During the following 
6 months the patient came to the office 
at bi-weekly intervals for dilatation of 
the artificial vagina. Coitus mth normal 
orgasm was reported to have occurred 
5 days after discharge from the hospital. 
Menstruation began on May 25 and 
lasted 4 days with a good normal flow 
from the vagina. A definite menstrual 
period occurred on June 27, and a very 
slight flow on August 7 which lasted only 
2 days. Morning vomiting occurred sev- 
eral times, and on September 19 the 
uterus was found to be definitely enlarged 
and lying to the right of the mid-line. 
From this point pregnancy progressed 
normally with occasional symptoms of 
slight incontinence. On March 10, rectal 
examination showed the cer\’ix to be 1?. 
fingers dilated, but the patient wiis 
advised to enter the hospital for Cesarean 
operation. She was admitted on March 18 
just 1 year after the operation. The indi- 
cations for an elective Cesarean operation 
were the rather rigid, narrow artificial 
vagina, with congenital absence of the 
perineal body. There was also the ques- 
tion of the strength of the uterine wall 
because of the supposed absence of left 
adnexa and ligaments. Cesarean section 
was carried out on i\Iarch 19. 

V.^Gixms. Of the various types of 
vaginitis which are encountered, the one 
which has received the most attention 
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has been that due to the gonococcus. 
While the gonococcus docs not infect 
adult vaginal epithelium, but causes a 
vaginal discharge by infection of the cer- 
vix, for the purpose of this review the 
term vaginitis will be used to indicate an 
inflammation of the lower genital tract, 
associated with a purulent discharge con- 
taining gonococci. A few years ago, 
many pages would have been devoted to 
the relative values of the .various sulfona- 
mides in the treatment of this condition. 
The availability of penicillin has greatly 
modified present-day concept.s. Acconl- 
ing to iMulholland,” as we survey the 
situation regarding the use of chemother- 
apy and antibiotic therapy, the picture 
changes from month to month. Even 
though we see this passing parade of facts 
and figures, they may not impress us 
markedly if we do not take time to really 
catalog them. For instance the treatment 
of gonorrhea has changed greatly in the 
past 2 years. In the period 1940 to 1945 
the percentage of cures was nearly 100 
and hope was expressed that gonorrhea 
would be completely eradicated by means 
of the sulfonamide drugs. As time goes 
by, it is noted the percentage of cases not 
responding to sulfonamides is progres- 
sively increasing. 

In the study of large groups of cases of 
gonorrhea in the Army during the past 
war, there is no doubt sulfonamide re- 
sistance is becoming more and more com- 
mon. In vitro experiments show that some 
strains are normally more resistant than 
others, some being completely unaffected 
by the drug. Some strains appear to be 
naturally resistant while others acquire 
resistance, perhaps as a result of sub- 
lethal doses. If we assume gonococci are 
either sulfonamide resistant or sulfona- 
mide sensitive, it would follow that the 
more people treated with sulfonamides, 
the more likely the most sensitive strains 
will be killed off and the relatively re- 
sistant strains sur\’ive. As time goes on 
this presents a rather poor prospect for 
adequate control of the disease with this 
drug. It would follow that all the preva- 


lent strains in a decade or so would he 
sulfonamide resistant. Penicillin is not 
without some reactions and discomfort 
that may or may not be due to impurities. 
It has been reported that certain lots of 
commercial penicillin produce severe pain 
on intramuscular injection. On repeated 
injections, sterile absce.sses containing in- 
soluble material with no antibacterial 
acti%4ty have been reported. With in- 
crease in potency in units per mg., there 
is a corresponding decrease in the pain 
produced. Of the 3 sites of injection 
(buttocks, triceps and deltoid), the least 
amount of pain results from injections 
into the buttocks. Reactions of the 
allergic or serum sickness type are being 
reported each month. There is great 
difficulty in determining the source re- 
sponsible for the allergic reaction. Peni- 
cillin as i>resently employed is not a pure 
product. Until pure crystalline compo- 
nents constituting crude penicillin can be 
activated in sufficient quantities to permit 
their use therapeutically, incrimination of 
penicillin allergic responses must be held 
in abeyance. 

The data compiled by the Public Health 
Service on the treatment of gonorrhea by 
penicillin have been reported by Heller,® 
who stiites that the investigations were 
made by medical officers in charge of 
several hospitals established by state and 
Federal agencies for the intensive treat- 
ment of venereal disease. Two treatment 
schedules were studied: 1 that could be 
completed in 2 hours and another that 
required 3 hours. There were 396 patients 
studied, 248 white and 148 colored, 108 
male and 288 female. In all patients the 
diagnosis was confirmed by a positive 
culture; 83 % of the patients were observed 
10 days or longer, 17 % from 6 to 9 days. 
To be regarded as “ cured” the patient had 
to be clinically and bacteriologically free 
of infection, i. e., without signs or symp- 
toms and with 3 or more cultures — all 
negative — during the observation period. 
The 2 hour schedule was administered to 
255 patients. They received 200,000 units 
of sodium penicillin dissolved in 6 cc. of 
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•water in 3 intramuscular injections; at 
zero hour, 50,000 units (1.5 cc,), at 1 hour 

50.000 units (1.5 cc.) and at 2 hours 

100.000 units (3 cc.). Tlie 3 hour schedule 
administered to 141 patients called for 
the same total dosage administered intra- 
muscularly as follows: at zero hour 

40.000 units (1.3 cc.), at 1 hour 40,000 
units (1.2 cc.), at 2 hours 40,000 units 
(1.2 cc.) and at 3 hours a final injection 
of 80,000 units (2.4 cc.). No patient 
showed evidence of to.xic reaction, and 
although the injections were given at 
hourly intervals, the very short span of 
treatment was most acceptable both to 
the patients and to the medical and 
nursing personnel. Among the patients 
observed 10 days or longer, 94% were 
cured on the 2 hour schedule and 96% 
on the 3 hour schedule. Although there 
were no significant differences, the rate of 
cure on the 2 hour schedule was higher 
in the colored than in the white, higher 
in the female than in the male, and higher 
in the previously untreated than in the 
previously treated. In the small group 
of patients who apparently do not respond 
to treatment the diagnosis of gonorrhea 
may be in error, as shown in re-check of 
the organism on sugar fermentation medi- 
ums. Certain of the failure cases may 
require quite large amounts of penicillin 
given over a longer period of time and 
for this purpose may require hospitaliza- 
tion. But thus far research by the Public 
Health Service has not detected strains 
of gonococci which remain persistently re- 
sistant to penicillin. 

.‘According to Perkins and Brew.ster,’- 
the application of penicillin seems to be 
the outstanding advance to date in the 
therapy of gonorrhea, the most frequent 
of all venereal infections. The results of 
treatment in both sexes, with or without 
complications, are so striking that all 
other forms of therapy now seem anti- 
quated. There are cnougii failures of 
treatment to necessitate careful repeated 
follow-up e.v.aminations, which should in- 
clude at least 4 or 5 cultures and smears 
for the gonococcus. The opt innun treat- 


ment schedule has yet to be worked out, 
but the underlying principles seem to aim 
at producing penicillin blood levels liigh 
enough to accomplish the desired results 
over a relatively short period rather than 
lower blood levels for a prolonged period. 
The rationale of this is twofold: the goal 
is to develop an ambulatory treatment 
that can be completed at 1 clinic session; 
and e.x'perience seems to show that dosage 
schedules that achieve these high penicil- 
lin blood levels produce a larger percentage 
of satisfactory results. Because of the 
well-known repressive action of the drug 
on the spirochetes of syphilis, blood sero- 
logic tests should be taken 6 weeks after 
treatment and should be repeated in 3 
months. Two hundred and thirty-four 
courses of treatment were given to 200 
patients with either proved or suspected 
gonorrl)ea. Those treated on suspicion 
without any particular clinical or labora- 
tory evidence of gonorrhea were women 
who had been named as sources of infec- 
tion by men with gonorrhea ; in most cases 
these were military contacts. The largest 
group of patients in the series received 

100,000 units of penicillin. In all but 6 
of these patients, who were treated ac- 
cording to the schedule of 20,000 units 
every 2 hours for 5 injections, the results 
were satisfactory. Forty-one patients 
were treated with 1.50,000 units of pen- 
icillin. All of these were given 50,000 units 
every 2 hours for 3 doses. The results 
were 100% satisfaetory. This schedule 
.seemed to give the best results, which is 
surprising in view of the fact that the 
44 cases treated with 200,000 units showed 
failures in 4. a rate of 9%. 

The report of Cohn, Taylor and Grun- 
stein^ is ba.sed on :i series of lOS patients 
treated with penicillin. Of the.se, 101 had 
failed to respond to at least 2 courses of 
various sulfonamides; the remaining 7 pa- 
tients showed a definite sensitivity to 
sulfonamide compounds. Of the total of 
lOS patients. 99 promptly became bac- 
teriologieally negative after 1 course of 
penicillin treatment, and 9 by the adminis- 
tration of a second course of penicillin. 
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The results obtained by the administration 
of various amounts of penicillin point to 
the fact that a minimum total dosage of 
100,000 Oxford Units injected intramus- 
cularly in divided doses, is both necessar 3 ' 
and sufficient for bacteriologic cure. The 
minimum total period of time required for 
successful therapj' was found to be 6 hours. 
Smaller doses of penieillin and shorter 
total time of treatment were adequate in 
individual cases, but this t.vpe of therapj' 
cannot be recommended. After their dis- 
charge from the hospital, 81 of the total 
of 108 women were followed up for an 
average period of 43.6 daj’s, during which 
an average of 3.5 examinations were per- 
formed. Fifteen patients were found gono- 
coccus positive after an average follow-up 
of 51.7 daj'S. It maj' be assumed for 
various reasons that all these patients 
represent reinfections rather than recur- 
rences. No serious toxic sj'mptoms ap- 
peared in this group of patients treated 
with penicillin. 

An interesting studj’ on the vaginitis of 
childhood has been made bj’’ Rice, Cohn, 
Steer and Adler'® and, although the work 
was done before penicillin became avail- 
able, it is worthj" of review at this time. 
It was arbitrarily agreed that children to 
be regarded as cured must be clinically 
normal and that at least 7 consecutive 
smears and cultures made during a period 
of at least 16 weeks must shorv no gono- 
cocci. 

Forty-one children were obser\'ed who 
were not given anj' form of treatment. 
Some recovered ■within a short time, 
54% bj^ the 10th week and 87% by the 
28th week after the beginning of observa- 
tion. This is definite e^^dence that spon- 
taneous cure of the disease maj' occur in 
the majority of patients. Thirty-three 
children were treated vdth estrogenic sub- 
stances (amniotin and diethylstilbestrol). 
The 12 (36%) who were cured were 
treated for an average of 541 days. Com- 
parison v-ith the control series showed 
that bacteriologically cure was no more 
frequent among patients given this form 
of therapy than among the untreated 


patients. However, definite clinical im- 
provement followed shortlj’ after the 
institution of treatment. Fifty-three chil- 
dren were treated Avith sulfanilamide. 
The 23 (43 %) who were cured were treated 
for an average of daj'S. This drug 
gave definitely better results than Avould 
be expected without treatment. 

As a result of the foregoing observations, 
it seems likelj' that manj' of the epidemics 
of vaginitis reported in the past rvere not 
due to the gonococcus. There is further 
e\idence that this infection is not as con- 
tagious as has been heretofore believed. 
In the vaginitis ward of a hospital there 
were children nith acute gonococcic A'agi- 
nitis, children who Avere cured and being 
observed for proof of cure and others who 
had been admitted to the ward for ob- 
serA'ation but were later shoAATi not to 
be infected. No restrictions were placed 
on these children, and thej' were not 
isolated one from another. OA'er a period 
of 3 'ears no instance of disease in the non- 
infected children was obserA'ed. Further- 
more, during 2 different periods of several 
months all the children in the Avard used 
the same toilets AAuthout causing neAv 
infections. As man^' as S infected children 
with profuse Amginal discharge were placed 
on the same toilet in rotation, and seA'^eral 
cultures Avere made of material taken from 
the toilet seat. On onlj"^ 1 of 18 occasions 
were gonococci recoA’ered, and then onlj' 
a fcAv colonies could be found in 1 culture. 
As far as we knoAA% no instance of trans- 
mission of the disease bj"- Avaj”^ of the toilet 
seat has eA-^er been proved. InA^estiga- 
tion of parents and siblings revealed that 
the probable source of infection in the 
majority of cases Avas an infected adult 
in the home. Of a group of parents Avho 
prior to examination belieA^ed themseh’es 
healthjL 50% AA'ere found to be infected. 
Another important method of transmis- 
sion that was disclosed is associated A\4th 
sexual curiosity and experimentation. Of 
infected girls betAS'een the age of 6 j'ears 
and puberty, 35% admitted sexual con- 
tacts. It may be concluded that the 
transmission of the disease requires inti- 
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mate contact between infected adult or 
child and non-inf ected child. Contami- 
nated fomites, such as rectal thermom- 
eters, enema tips, diapers, towels and 
linen may possibly be factors in the spread 
of the disease. It is recommended that 
children not be excluded from school 
because of gonococcic vaginitis except 
during the stage of profuse discharge. 
Children who must be hospitalized be- 
cause of complications or the occurrenee 
of concurrent diseases need not be placed 
in separate isolation wards but may be 
treated for the complicating factor with- 
out regard to the vaginitis . Treatment with 
sulfathiazole would soon make such chil- 
dren non-inf ectious. It must be remem- 
bered that during the first few days aseptic 
technique should be practiced by the 
nursing staff. In the care of infected 
children, instruments and fingers come in 
intimate contact with the genitals of the 
patients and if not thoroughly cleansed 
may possibly infect another child. 

While gonococci cause an endocervicitis 
and little actual vaginitis in the adult, 
the Trichomonas vaginalis causes a vagini- 
tis and little if any endocervicitis. Ac- 
cording to Brady and Reid^ the charac- 
teristic lesion is most often seen in the 
upper posterior part of the vagina just 
behind the cervix. One not infrequently 
sees in this area minute red spots, giving 
the upper posterior vaginal wall a straw- 
berry-like appearance. The trichomonas 
is a protozoon with actively moving flagella 
at one extremity and an undulating mem- 
brane. The latter cannot always be seen 
as easily as the flagella. These organisms 
are larger than an ordinary pus cell and 
yet smaller than the epithelial cells which 
line the vagina and which can always be 
seen in vaginal smears. The trichomonads 
are very motile. Under the microscope 
their flagella can be seen moving rapidly. 
The technique for demonstrating these 
organisms is as follows: The gloved 
finger is inserted high in the vagina behind 
the cervix and a drop of the secretion taken 
on the gloved finger. This is mixed wth a 
little normal salt sohition and the prepa- 


ration examined at once. The organisms 
can be seen under low or high grade 
power. It is not necessary to stain them. 
In some women, smears examined in the 
intermenstrual period may fail to show 
the organisms, while those taken imme- 
diately before or after a period -svill reveal 
them. This is what often happens. A 
woman comes to a doctor complaining of 
a leukorrheal discharge. He thinks of en- 
docervicitis, polyps, carcinoma and many 
other gynecologic conditions as being the 
possible cause of the discharge. He at 
once puts green-soap or some other lubri- 
cant on his fingers and makes a pelvic 
examination. After his examination has 
failed to demonstrate any of the condi- 
tions mentioned above he then thinks of 
the possibility of a vaginitis due to the 
Trichomonas vaginalis, takes smears, looks 
at the material under the microscope and 
fails to see the organisms. This may be 
due to the fact that the green-soap on his 
fingers killed the trichomonads which 
were in the superficial tissues and by 
which the diagnosis could have been made. 
It is advisable to take smears for Tricho- 
monas vaginalis as the first step in the 
study of all patients complaining of 
leukorrhea, pruritus and dyspareunia. 
Another factor that sometimes interferes 
with the diagnosis of trichomonas infec- 
tions and also that of gonorrhea is that 
many women through a natural sense of 
cleanliness will take a douche immediately 
before coming to a doctor’s office and 
thus prevent the physician from making 
the diagnosis. Although there have been 
many treatments recommended for Tri- 
chomonas vaginalis vaginitis, they may be 
divided into 2 groups based on what it 
is hoped the treatment wdll accomplish. 
In the first an effort is made to destroy 
all the protozoa by the use of antiseptics. 
In the second group of treatments less 
attention is paid to antiseptics tlian to 
measures which it is hoped will restore 
the normal defenses of the vagina. In 
general, this defense mechanism of the 
vagina is believed to depend primarily 
on 3 conditions: (1) that the vaginal 
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secretion remains at its normal low pH; 
(2) that the Doderlein or vaginal lacto- 
bacilli are present in sufficient numbers to 
form lactic acid and finally that there is 
sufficient carbohydrate, perhaps in the 
form of glycogen, in the vaginal epithelial 
cells or spaces between the cells to afi'ord 
adequate nourishment for the continued 
growth and activity of the Doderlein 
bacilli. Being rather discouraged by the 
results obtained from the numerous prepa- 
rations that had been recommended for 
the treatment of vaginitis due to the 
Trichomonas mginaUs Brady and Reid de- 
cided to try to build up the \-aginaI defense 
by carrying out several measures at once. 
Not only was nourishment suitable for 
the growth of Doderlein’s bacillus to 
be introduced into the vagina but also 
viable lactobacilli. As soon as the. diag- 
nosis is made a bivalve speculum is intro- 
duced into the vagina, the cervix inspected 
for complicating endocervicitis and Skene’s 
and Bartholin’s glands inspected for pos- 
sible involvement. The vagina is then 
dried wth cotton and 2 lactobacillus tab- 
lets inserted high in the vagina in the 
posterior fornix behind the cervix. The 
vaginal orifice is then plugged with a 
tampon of non-absorbent cotton. ^^Tien 
the patient returns on the next day the 
tampon is removed, material taken from 
the vagina for microscopic study and the 
treatment carried out on the preceding 
day repeated. On this second visit prac- 
tically every patient will report that the 
itching has been much less, and it is very 
unusual to be able to demonstrate organ- 
isms at this time. Such office treatments 
are repeated daily for from 4 to 6 days. 
The patient is then told to insert 1 lacto- 
bacillus tablet high in the vagina each 
night. She is told to take douches only 
if she becomes uncomfortable from un- 
absorbed particles of the tablets coming 
out of the vagina and causing irritation. 
A white ^^nega^ douche (5% acetic acid) 
is recommended in a strength of from 2 
to 4 tablespoonfuls to 2 quarts of water. 
Two douches a week are usually sufficient. 
This home treatment is continued from 3 


to G weeks and longer if necessary. How- 
ever, if the organisms promptlj' disap- 
pear and show no immediate tendency to 
recur, the tablets need be used only every 
other night. It is especially important 
that they be used while the patient is 
menstruating, as that is, of course, the 
time when the vaginal defenses against 
the trichomonads are weakest. They are 
enthusiastic about the prompt results 
which the.N' have obtained with the lacto- 
bacillus tablets, and have had numerous 
patients go without treatment for from 
3 to 6 months in order to prove that they 
have really been cured of the infestation. 
Nevertheless they feel that every woman 
who has had a trichomonas infection 
should continue for considerable time to 
take either acetic acid douches or to use 
the lactobacillus tablets for a few days 
each month around the time of the men- 
strual period. In fact, no matter what 
treatment is carried out for vaginitis due 
to the Trichomonas vaginalis it should be 
repeated at each menstrual period for 
from 6 months to 1 year. 

The type of vaginitis which is seen in 
elderly women and usually termed senile 
vaginilis is due to a lack of female sex 
hormone. According to Abarbanel, Ara- 
now and Goodfriend,^ this sjmdrome, which 
is so frequentlj^ accompanied bj’’ \mlvar 
pruritus, is a part of the process of aging 
of the indi^^dual, and the entire patient 
must be treated, and not just one of her 
symptoms. Other constitutional and local 
causes must be excluded. Supportive 
treatment includes a well-balanced, prop- 
erly cooked diet, rich in ^^tamins and 
minerals, as well as small doses of desic- 
cated thyroid. At first the patient is in- 
structed to douche twice daily while Ijdng 
flat on her back in the bathtub, using 

2 quarts of a lukewarm solution containing 

3 to 4 ounces of ordinary household vine- 
gar. If relief is not e\ddent in 2 to 4 weeks, 
local therapy with an ointment containing 
5 mg. of diethylstilbestrol per ounce is 
started, as this is the most effective and 
efficient means of administration. Ap- 
proximately enough ointment to contain 
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0.5 to 1 mg. of diethylstilbestrol is rubbed 
thinly over the vulva once a day, while 
a small amount is smeared lightly over a 
vaginal cotton tampon before the latter 
is inserted. Acid douches are continued. 
When kraurosis vulvaj is pronounced, it 
may take several months to achieve com- 
plete relief. Pelvic examinations should 
be performed frequently to rule out a 
possible damming up of secretions, such 
as pyocolpos or hematometra. Uterine 
bleeding may occur at infrequent intervals, 
but it rarely is alarming. Sufficient oint- 
ment to contain 4 to 8 mg. of testosterone 
may be substituted once or twice a day 
for 1 week out of every 4. In fact, when 
the itching is extremely pronounced about 
the folds of the clitoris, testosterone oint- 
ment should be used daily, for this steroid 
seems to stimulate the surrounding glands 
to produce an oily secretion which serves 
to relieve the dry itching skin. 

In the use of stilbestrol it should be 
remembered that there may be some un- 
pleasant side reactions, the most common 
one being nausea. Careful study of these 
patients has brought to light several im- 
portant factors, each of which must be 
carefully evaluated. The dose level is of 
prime importance. A few years ago it 
was reported from this clinic that the 
higher the dosage the greater was the 
incidence of side reactions. This has 
been amply confirmed. Equally impor- 
tant in evaluatihg nausea is the patient 
herself. Analysis of the latter reveals 
that 2 broad groups are recognizable. 
The first group is composed of patients 
in whom nausea may be considered as 
being incidental in nature. It includes 
those who are unable to take any type 
of oral medication including placebos. 
This groiip also embraces those patients 
who become nauseous with their flushes, 
for not infrequently the flushes may be 
accentuated at the start of treatment, 
thus aggravating the nausea. The nausea 
disappears as the flushes are relieved. 
The.se women are particularly liable to 
be nauseous on arising, a sort of “morn- 
ing sickness" of the climacteric. The 


second group comprises those patients in 
whom the nausea may be considered as a 
true side reaction. In this group the inci- 
dence of nausea is clearly related to the 
dose level. Further study disclosed that 
patients with a previous history of sensi- 
tivity to fried and fatty foods are much 
more prone to develop nausea at a given 
dose level than those with a previously 
negative gastro-intestinal history. This 
was shown to be statistically significant. 
Just why patients with a suggestive “ gall- 
bladder syndrome" are so much more 
likely to develop nausea when receiving 
diethylstilbestrol or estradiol remains to 
be clarified. It has been reported that 
estrogen may bring about a delay in the 
emptying time of the gallbladder. Such 
an effect, if confirmed in the human being, 
would serve to explain the increased 
nausea in the “gallbladder syndrome” 
patients, for they would tend to be more 
sensitive. The management of these pa- 
tients should include administration of 
cholagogues. Two teaspoons of magne- 
sium sulfate once or twice a day are usually 
effective without causing cramping or 
diarrhea. Mild mercurous chloride, crude 
bile salts or purified bile acids may also 
be used. The nausea experienced by 
patients with a previously negative gas- 
tro-intestinal history does not usually 
present much difficulty. Its incidence 
may be considerably reduced by starting 
with a small dose level, 0.1 to 0.25 mg., 
and then raising it gradually if necessary. 
Administration of cholagogues is also 
helpful. With the majority of these pa- 
tients the nausea is usually transient, dis- 
appearing in spite of continued treatment. 
A Avord should be said aboxit dosage. One 
mg. of oral diethylstilbestrol daily is ap- 
proximately equivalent to injecting either 
1 mg. of estrone (theelin) daily or 1 mg. 
of estradiol benzoate about every 3rd day. 
Clearly, then, a daily dose of 1 mg. is a 
relatively large dose, especially when it is 
recalled that, in contrast to estradiol and 
estrone, stilbestrol is not inactivated by 
the liver. Consequently a much higher 
amount of active estrogenic substance is 
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available to the body. Furthermore, it 
takes from 3 to as much as 12 days for 
the human being to excrete a given dose 
of diethylstilbestrol in contrast to the 2 
or 3 days required for estradiol and estrone. 
In short, a cumulative effect occurs, so 
that even 0.1 mg. daily of oral diethyl- 
stilbestrol is not such a small dose after all. 

Vagmal Medication. The ^'alue of vagi- 
nal medication has often been questioned 
since it would seem that the length of 
contact of the medicament with the tissues 
must be brief. An interesting study of 
this subject has been made by Rakoff and 
Casper, who state that, when properly 
administered the vaginal douche is admit- 
tedly' an excellent method for bringing 
heat to the inflamed tissues or for cleans- 
ing the vaginal tract. It needs only to 
be added that as a method for medicating 
the vagina the douche is an inadequate 
one indeed, since the solution remains 
within the vaginal tract for so brief a time 
and what little medicament remains is 
rapidly diluted by the vaginal and cer^^- 
cal secretions and soon drained away. 
The swabbing or painting of the vagina 
offers some advantages over the douche 
in that the medication can be more thor- 
oughly applied and often in higher con- 
centration than is possible Avith the douche. 
Tampons saturated with medicated solu- 
tions or introduced into the vagina after 
the medication has been applied help to 
prevent the “messiness” which occurs 
when such solutions drain from the vaginal 
orifice, but since most of the medicament 
soon becomes absorbed in the body of the 
tampon, it is doubtful whether the tam- 
pon prolongs the period of useful medica- 
tion. Relatively scant attention has been 
given to the use of water-dispersible jellies 
in the treatment of vaginal infections 
despite their ■nddespread intravaginal use 
for contraceptive purposes. This is rather 
simprising since the jelly has much to 
commend it as a vehicle for intravaginal 
medication. Essentially, the jelly is a 
mixture of gums. It can be made water- 
dispersible so that it will mix easily with 
the vaginal secretions. Within the jelly 


most any type of medicament can be 
intimately incorporated in various con- 
centrations. After unsatisfactory experi- 
mentation with various techniques of 
demonstrating the manner in which jellies 
and other types of medication behave 
after introduction into the vagina, the 
value of roentgenology with regard to this 
problem was anticipated and subsequently 
confirmed. For this purpose they em- 
ployed a water-dispersible jelly made up 
with a tragacanth-acacia-glycerin base ad- 
justed to pH 4.5 •\%'ith acetic acid. Into 
this was incorporated a radiopaque sub- 
stance, such as barium sulfate (15%) or 
lipiodol (12.5 %). When 5 cc. of the jelly 
was introduced into the posterior fornix 
under fluoroscopic control, the jelly was 
seen to spread at once over the cerra and 
into the lateral fornices while a small 
amount spread dovm towards the middle 
third of the -vagina. In this case, films 
made at 30 minutes and at 1§ hours show 
that, although the jelly was slowly spread- 
ing, most of the opaque media still sur- 
rounded the cervix despite the fact that 
the patient was permitted to walk about. 
Generally, the jelly appeared at the 
introitus in from Ij to 4 hours, but as 
late as 12 hours a considerable proportion 
of the jelly was still present, spread over 
the mucosa. Even when the jelly is 
purposely introduced into 1 of the 'lateral 
fornices, it is interesting to note that it 
spreads to cover the cer\dcal os — a factor 
of particular importance from the contra- 
ceptive standpoint. Also, when the jell 3 ' 
vdthin the vagina is mechanically agitated 
noth a large test-tube to simulate coitus, 
it is noted that although further spreading 
is facilitated the jelly is sufficiently cohe- 
sive to remain as a good cervical barrier. 
The amount of jelly employed is a factor 
of importance which must be determined 
bj' the purpose for which it is to be used, 
the capacity of the vagina, its elasticity, 
and the degree of relaxation of the sur- 
rounding tissues. Although 5 cc. of jelly 
appears sufficient to act as a good cervical 
barrier even after 30 minutes, better 
spreading is obtained in the parous vagina 
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with 10 cc. In inultipara with marked 
relaxation of the vaginal walls, the vaginal 
vault can easily retain 20 cc. and as much 
as 45 cc. will remain in the upper two-thirds 
of the vagina and will be retained in the 
vaginal tract even when the patient as- 
sumes the erect posture. 

For several years they have successfully 
employed various types of water-dispersi- 
ble jellies in the treatment of certain 
A^aginal disorders. Buffered acid jellies 
were water-dispersible with pH ranging 
from 2 to 5 and were employed in the 
treatment of various specific bacterial 
infections, but particularly for the so- 
called “non-specific” bacterial infections. 
In most instances the latter result from 
disturbances in vaginal biology associated 
with reduced vaginal acidity, thus favor- 
ing the replacement of Doderlein’s lacto- 
bacilli by a variety of other organisms. 
In a majority of these cases a jelly with 
pH 4 proved most efficacious. Acid jellies 
containing stilbestrol or the natural estro- 
gens were particularly beneficial in the 
treatment of vulvovaginitis in children, 
both gonococcal and “non-specific,” and 
also in atrophic vaginitis in menopausal 
women or younger women with ovarian 
deficiencies. Sulfonamide jellies contain- 
ing various concentrations of the sulfa 
compounds are well tolerated and the ab- 
sorption of the drugs from the vagina is 
very slow. The results by this method 
are not as good as when tlie sulfonamides 
are insufflated into the vagina as a powder. 
As a form of medication the authors found 
suppositories in general to be inferior to 
jellies. In most instances the size of the 
supjiository is small as compared with the 
capacity of the vaginal tract; the supposi- 
tory is comparatively heavy and often 
graA'itates to the lower part of the vagina 
before it has melted. The introduction of 
medicaments in powder form has become 
very popular in recent years. In the 
treatment of vaginal trichomoniasis espe- 
cially, the “dry” method of treatment is 
l>referred, usually consisting of the intro- 
tluction of trichomonadicidal chemicals in 
a drying base such as kaolin. For this 


method of medication one may use com- 
pressed tablets, large gelatin capsules, or 
the powder may be blovm into the vagina 
with an insufflator. They hav^e found the 
latter to be the only really efficient method 
of completely covering the vagina with a 
powder. Although some of the powder 
thus introduced begins to be washed out 
within a few hours, much of it usually 
remains in situ for 24 hours or more. 

The use of powders in the vagina should 
be a harmless procedure, but Martland^® 
reports 2 deaths occurring after vaginal 
insufflation of medicinal powders for the 
relief of pruritus vulvm. In the first case 
a virginal and cribriform hymen played 
an important role in the causation of the 
air embolism. The doctor, believing he 
was spraying powder over the external 
genitals, must have unknowingly held the 
glass tip of the insufflator directly OA-^er 
the largest opening in the hymen and have 
blown powder and air into the vagina.. 
The air entrapped in the vagina was 
forced into the uterine cavity. The exact 
point of entry of air into the venous circu- 
lation could not be demonstrated. The 
fact that the patient had just passed a 
menstrual period favored engorgement and 
distention of the uterine veins. The 
second woman was 6 months pregnant. 
In this case the metal end of the insufflator 
must have rested against the soft cervix 
of the pregnant uterus and considerable 
powder and large amounts of air were 
blown directly into the uterine cavity. 
The main purpose of the insufflators is to 
dilate and smooth out the folds in the 
vagina so that the powder may be sprayed 
on the mucosa. It is olm'ous that the 
sudden blowing up of the vagina with air 
under excessive pressure is not without 
danger. The engorgement of the endome- 
trium around the menstrual periods, open 
veins after uterine curettage and the soft 
cervix of a pregnant uterus all might favor 
air embolism during such insufflations. 

Posterior Vagtxal Hernia. The 
changes in the normal anatomy of the 
pelvic floor which permit a herniation of 
the cul-de-sac into the upper vagina pro- 
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duce a condition which has been described 
in the literature under the titles of poste- 
rior vaginal hernia, enterocele, cul-de-sac 
hernia, Douglas’ pouch hernia, enterocele 
and high rectocele. It is characterized by 
the protrusion of a peritoneal sac through 
the cul-de-sac of Douglas which dissects 
its way between the vagina and the rectum 
and presents as a mass in the vagina. 
In discussing the mechanism of this defect 
Dixon^ states that it is of rare occurrence 
because the obliquity of the pehdc cavity 
allows the force of intra-abdominal pres- 
sure to expend itself to some extent on 
the bladder, symphysis and anterior ab- 
dominal wall, thus protecting the pelvic 
floor. The strain and trauma of child- 
birth are of importance in the etiology. 
But some congenital defect must play an 
important part since the condition is so 
rare in multiparous women, but neverthe- 
less occurs in those who have not borne 
children. The symptoms complained of 
by the patient are a sense of weight and 
pressure in the pelvis, and a variable 
degree of bulging in the vagina. Where 
the sac is well developed, a mass may 
protrude from the vagina on standing or 
straining, Avhich usually disappears when 
the patient lies dovm. Many ' of the 
reported cases had had previous opera- 
tions for repair of the pelvic floor wdth a 
recurrence of the bulging as soon as the 
patient got up. This is always suggestive 
of such a hernia. Examination with one 
finger in the rectum and one in the vagina 
will differentiate the condition from a 
rectocele, which may coexist, as it will 
show that all the protrusion is not due 
to the rectocele. In cases where rectocele 
does not exist this maneuver helps to 
establish the fact that the protrusion 
originates behind the cervix, and if the 
patient is asked to strain, it will determine 
the presence of abdominal contents in the 
protrusion. The treatment of this con- 
dition is surgical, since palliation by pes- 
saries does not afford relief. The same 
principles apply here that apply to the 
treatment of hernia elsewhere, namely iso- 
lation of the sac, disposition of the sac 


and closure of the point of egress of the 
hernia from the abdominal cavity. There 
are 2 avenues of approach. The abdomen 
may be opened, the sac inverted into the 
abdomen and disposed of, and the cul-de- 
sac obliterated. Such an approach may 
be necessary if the abdominal contents 
are adherent in the sac but where this is 
not necessary, the vaginal approach is 
more desirable. This consists in opening 
the posterior vaginal wall from the cervix 
to the perineum, dissection of the sac 
from the rectum and surrounding tissues, 
ligation of the neck of the sae and excision 
of the excess, anchoring the stump behind 
the cervix and obliteration of the cul-de- 
sac by approximating the uterosacral liga- 
ments. The remaining tissues are ap- 
proximated and a high perineorrhaphy 
completes the operation. 

Phaneuf’® states that a hernia of this 
type may follow vaginal hysterectomy for 
the treatment of prolapse if the cul-de-sac 
is not closed. This may be pre^'ented by 
approximating the uterosacral ligaments 
to each other in their entire length when 
performing vaginal hysterectomy. In 
addition to the 2 methods of treatment 
which have previously been described, he 
suggests the use of colpocleisis, or closure 
of the vagina, when the hernia is clarge 
and there are contraindications to lap- 
arotomy. 

Tumors. The rarity of vaginal myomas 
is pointed out b.y Bennett and Ehrlich- 
who found only 9 cases among more than 
50,000 specimens in a gynecologic labora- 
tory to which they have added 3 addi- 
tional cases. Most of the reported cases 
are in white women contrasting strikingly 
with the racial incidence of uterine myo- 
mas which are almost 3 times as common 
in colored women. The tumor usually 
presents in the vagina as a non-peduncu- 
lated ovoid mass covered vdth smooth 
intact mucosa and has no characteristic 
appearance which would differentiate it 
from a vaginal cyst or cystocele. In this 
series the tumors were usually small, 
varying from 1.5 to 4.5 cm. in the greatest 
diameter, although very large tumors 
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have been reported by others. The lesion 
is visually single and may develop at any 
point in the vaginal wall, although more 
than half of the tumors reported have 
been on the anterior wall. They are firm 
in consistence and the symptoms depend 
on the size and location of tumor. Pres- 
sure on the urinary organs will give urin- 
ary symptoms, either retention or fre- 
quency, while some patients complain of 
a protruding mass of dyspareunia. If 
degenerative changes have occurred in the 
overlying mucosa, there may be a vaginal 
discharge or bleeding, at times simulating 
a malignant tumor. The treatment of 
this condition is simple excision which i.s 
u.sually easily carried out. 

Another rare tumor is sarcoiiici of the 
vagina which also seems more common 
on the anterior vaginal wall. In present- 
ing 2 of these cases Diehl and Haught'’’ 
state that the tumor is friable, bleeds 
easily on manipulation, grows rapidly, 
soon filling the entire vagina and present- 
ing at the introitus as a polypoid mass of 


necrotic tissue. Microscopically the tu- 
mor is composed of an edematous, my.xo- 
matous stroma through which are dis- 
persed, in varying degrees, spindle and 
stellate cells. Bloody vaginal discharge 
is usually the first symptom, frequently 
associated with pain and itching of the 
vulva and vagina. As the condition pro- 
gresses, pain becomes more intense because 
of pressure. The pelvic mass first en- 
croaches upon the bladder, resulting in 
frequency, incontinence and infection. 
Hematuria often develops indicating in- 
volvement of the bladder mucosa. Later 
the rectum becomes involved causing 
tenesmus, constipation and rectal bleeding. 
Cachexia, anemia and edema of the lower 
extremities are terminal signs. Distant 
metastases are extremely rare, the lung 
and kidney being the only 2 sites reported. 
The treatment of this condition is most 
discouraging. Because of its extremely 
malignant nature and rapid growth, the 
tumor is soon beyond the realm of response 
to surgery or irradiation. 
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Preliminary Tests of Sudden Upward Ac- 
celeration on Sitting Men. D. T. Watts, 
Ph.D., E. S. Mendelson and A. T. Korn- 
FiELD (Aero-Medical Equipment Lab., 
Naval Air Exptl. Station). Of aidators 
attempting bailouts from fighter planes 
during the war 18 to 25% were fatally 
injured due to the difficulty of successful 
emergency escape. The most feasible 
method of separating the pilot from pres- 
ent planes utilizes an ejectable seat, driven 
up rails by a powder exploded catapult. 
Such seats were developed by the Germans 
and improved by the British, for use up 
to about 20 "G”. The American Army 
and Navy have been collaborating in their 
perfection. 

The test subject is fastened into a pilot’s 
seat at the base of a 105 foot test tower, 
up which the seat may coast, but dowm 
which it must be lowered. Ejection guns 
for use in aircraft are mounted between 
the seat and the base of the tower. The 
time phenomena measured are pressure in 
the gun, seat displacement, muscular ten- 
sion, and accelerations on the seat and 
on the subject’s head, shoulder and hip. 
Performance of a number of catapults has 
been tested with dummies. Correlations 
of ballistic and djmamic phenomena have 
led to the development of catapults cap- 
able of producing the highest safe veloci- 
ties vdth a given length of stroke, or given 
velocities with the shortest safe length of 
stroke. 

Motion pictures of subjects using arm 
rests, or a face-restraining curtain pulled 
dovm by the hands, show some incipient 
hazards of upward ejection. The face cur- 
tain appears much safer. The djuiamic 
response in the coupled system, man- 
cushion seat, points to a minimum safe 
time interval of 0.013 second for the 


application of acceleration. Acceleration 
levels applied to the system by the cata- 
pult in shorter periods of time result in 
higher levels on the man. A new seat 
catapult has been developed at NAES 
for ejection at the most rapid rate of 
acceleration which will not result in a 
dymamic response factor greater than one, 
and which vdll induce maximum accelera- 
tions only 75 % of those in former systems. 


Glycolysis of Difierent Hexoses in Brain 
Tissue in Connection With the Turnover of 
Adenosinetriphosphate (ATP). Otto Mey- 
erhof, M.D. (Dept, of Physiol. Chem., 
School of Medicine, Univ. of Penna.). 

Brain tissue as well as tumor tissue 
glycolyzes glucose much faster than fruc- 
tose. But in cell-free enzymatic extracts 
both are metabolized with equal speed, 
which is moreover much higher than the 
glycolysis of tissue slices. (Qla about 50 
instead of 15 to 10 in brain slices.) On 
the other hand the glycolysis in a homo- 
genate of brain, which contains the dis- 
integrated cell structures, resembles closely 
that of slices as well in the absolute value 
of Qla as in the difference of glucose and 
fructose. 

These facts are explained by the dis- 
tribution and affinities of two enzymes 
concerned Mth the turnover of ATP : 
hexokinase and ATP-ase. The latter 
enzyme is strongly adsorbed on the struc- 
tural elements. In the complete homo- 
genate it is ten times as concentrated as 
in the centrifuged extract, where the par- 
ticles are removed. The concentration of 
added ATP in the homogenate drops to 
very low values in a few minutes because 
of the high activdty of ATP-ase. The rate 
of glycolysis is mainly controlled by the 
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reaction between the sugar and ATP in 
presence of the enzyme hexokinase. First, 
the speed depends over a wide range on 
the concentration of ATP; secondly, the 
influence is different for glucose and fruc- 
tose. With higher ATP concentrations 
(over 20 y labile P of ATP per cc.) the 
affinity of glucose and fructose is the same, 
but for low ATP concentrations {2y to 
87 labile P per cc.) the affinity for fructose 
is much less. In this case the rate of gly- 
colysis of fructose is much smaller than 
for glucose. To prove this point in tissue 
extracts, it is necessary to use very little 
hexosediphosphate for priming the reac- 
tion; otherwise the excess of hexosediphos- 
phate serves as P donor for rephosphoryla- 
tion of ATP. 

From these experiments it follows for the 
living brain- or tumor cell, where the dif- 
ferent behavior of glucose and fructose 
is quite outspoken, that the active con- 
centration of ATP responsible for the 
turnover is surely quite low, and amounts 
to only some per cent of that found by 
chemical analysis. Probably the bulk of 
ATP is either separated from the reacting 
sugar by cell interfaces and immobilized 
in this way, or it is bound to inert protein 
and therefore unable to react. 


Experimental Metastasis of Frog Carcin- 
oma. Balduin LucKk, M.D., and H. G. 
ScHLUMBEUGER, M.D. (Dept, of Pathol- 
ogy, Univ. of Penna.). 


Vestibular Disturbances Producedin Ani- 
mals by Streptomycin. Joseph E. Haw- 
kins, Jk., Ph.D., and Charles W. 
hlusHETT (Merck Institute for Thera- 
peutic Research, Rahway, N. J.). 

The chronic ncurotoxic action of strep- 
tomycin in rabbits, dogs and cats is 


similar to that occurring in some patients 
receiving prolonged treatment with strep- 
tomycin. In animals a gradual loss of 
nystagmus in response to rotation occurs 
during treatment with large doses of the 
drug by subcutaneous injection. This 
effect has been studied quantitatively by 
electrical recording of pre- and post- 
rotational nystagmus in unanesthetized 
animals. The rate and duration of both 
optokinetic and vestibular nystagmus are 
reduced,, and in the rabbit both types of 
nystagmus may be abolished. In the cat 
the loss of nystagmus may progress even 
after the drug is discontinued. No reco\'- 
ery of nystagmus has occurred in animals 
observed for 4 months after the drug was 
stopped. 

In addition to ataxia and other disturb- 
ances of equilibrium which occur in all 
3 species, cats show difficulty in main- 
taining fixation upon a single object in 
the field of view. 

Although histological studies liave thus 
far revealed no lesions in the nervous 
system attributable to streptom3’'cin, the 
experimental results suggest that the 
streptomycin may act not only on the 
peripheral vestibular apparatus, but also 
possibly upon the vestibular nerve, the 
medullary vestibular centers, and cere- 
bellar and mid-brain centers. Electro- 
physiological studies of auditory function 
show that streptomycin decreases the 
responsiveness of both the cochlea and 
the auditory nerve. 

The behavior of dogs and cats which 
had received streptomycin for 2 to 3 weeks 
is illustrated in a motion-picture film. 
This shows the changes in gait and pos- 
ture occurring in dogs, the animals’ in- 
ability to maintain their balance on a 
tilt-table, and the absence of nystagmus 
after rotation. Even more dramatic dis- 
turbances of equilibrium are shown in cats. 
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Modern Management in Clinical Medi- 
cine. F. Kenneth Albrecht, M.D., 
S.A., Surgeon, U. S. Public Health Ser- 
\ace; Kansas State Tuberculosis Consul- 
tant; formerly Clinical Director, U. S. 
Marine Hospital), Baltimore, Md. Fore- 
word by Alphonse McMahon, Commo- 
dore, MC, USNR, Chief of Medicine, 
U. S. Naval Hospital, Bethesda, Md. 
Pp. 1238; 237 ills.; 11 color plates. Balti- 
more; Williams & Wilkins, 1946. Price, 
SIO.OO. 

This volume represents a new and e.vceed- 
ingly practical approach to the presentation 
of information for the diagnosis and treat- 
ment of disease. Intended for the office, 
not the libraiy, it has the salient data in 
readily available form. Good use is made 
of comparative tables, for instance, in dif- 
ferential diagnosis. Techniques of treat- 
ment are described fully and well. Drugs 
are mentioned bj’^ their trade names, with 
information on their composition. 

The first chapter deals with the case 
history, including its medico-legal aspects. 
In this, as in succeeding chapters, the author 
makes use of long and detailed forms for use 
in histoiy taking and physical diagnosis. 
The second chapter takes up nutrition and 
the idtamin deficiencies, and is very well 
done. Other chapter topics include gastro- 
intestinal diseases, diseases of the heart, 
peripheral vascular disease, diseases of the 
kidneys, venereal diseases, diseases of the 
respiratorj^ system, arthritis and allied con- 
ditions, endocrinolog}’' for the general prac- 
titioner, diseases of allergy, diseases due to 
intoidcations, phj^sical agents and poisons; 
infectious diseases, tropical diseases of post- 
war importance, nervous and mental dis- 
eases, diagnosis and treatment of common 
skin disorders, chemotherapy, geriatrics, the 
care of the ambulator 3 ’^ patient. The chap- 
ter on clinical laboratory medicine, hy 
Seward E. Miller, h'l.D., gives the indica- 
tions for and the interpretation of results of 
tests. The chapter on common procedure 
and diets includes the techniques of thora- 
centesis, abdominal and pericardial tap, 
intravenous injections, transfusions, lifting 
and turning patients, the use of counter- 
irritants. 


Criticisms of minor importance are: inade- 
quate handling of some subjects (dissemi- 
nated lupus rates only 74 words) ; a number 
of consistently misspelled words (for exam- 
ple, Van den Burgh); scarification with a 
needle is the waj" not to do a cutaneous test 
for allergj'; intracutaneous is a proper term, 
7iol intradermal; the author uses “regime” 
when he means “regimen,” and “tempera- 
ture” for “fever;” a 100-grain dose of nitro- 
glj'cerine will not occur in the ne.xt edition. 

Commendable are the format with parallel 
columns instead of the solid page, the man)’ 
excellent illustrations, and the fine color 
plates. The book should have a wide appeal. 

R. K. 


Pathogeniciti' of Certain Serological 

Types of B. Coli. By Sven Sjostbdt, 

Univ. of Lund. Pp. 148. Lund, Sweden: 

Hakan Ohlssons Boktryckeri, 1946. Price 

not given. 

This thorough, careful study of 1331 
strains of E. coli was based upon the sero- 
logic classification of Kauffmann, of ICnip- 
schildt and of Vahlne. Cultures derived 
from appendicitis, peritonitis, urinar)’ infec- 
tions, feces of normal persons, etc., were 
classified according to their 0, K (heaL 
labile somatic or capsular) and H antigens. 
Mouse to.xicity, hemolysis, necrotizing prop- 
erties and resistance to phagocytosis were 
determined. The to.xicity of indiiddual cap- 
sulated strains of the same serot 3 ’pe are 
alike in to.xicity, irrespective of their origin. 
Capsulated forms are considerably more 
toxic than corresponding non-capsulated 
forms. Hemolysis was associated with cer- 
tain definite serotypes and there was some 
correlation between hemolysis and necrotiz- 
ing ability. In general, cultures which were 
hemol 3 ’tic and produced skin necrosis were 
highl)^ to.xic. Strains of the same serotype 
possessed the same resistance to bactericidal 
properties of normal human blood, different 
serotypes varied widety. This resistance 
had no relation to to.xicity. Resistance to 
phagoc 3 'tosis was dependent upon a well- 
developed capsule and phagoc 3 d:osis was 
enhanced b)’ the addition of appropriate K 
serums but not b)’ 0 serums. There was 
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little correlation between toxicity and re- 
.sistance to phagocytosis. 

A correlation of clinical histories of cases 
from which cultures were derived and the 
properties of the strains isolated led to the 
conclusion that capsulation, hemolysis and 
necrotizing capacity ai’e significantly related 
to toxicity and pathogenicity. Capsular 
antigens appeared in the ui’ine of patients 
affected with coli peritonitis. P. E. 


The Treatment of Bronchial A.sthma. 
By Vincent J, Derbes, M.D., Instructor 
in Medicine and in Preventive Medicine, 
Tulane University of Louisiana School of 
Medicine, Director of the Department of 
Allergy, Ochsner Clinic; and Hugo Tris- 
tram Engelhardt, M.D., F.A.C.P., In- 
structor in Clinical Medicine, Baylor Uni- 
versity College of Medicine, Houston, 
Texas, Adjunct in Medicine, Jefferson 
Davis Hospital; formerly Instructor in 
Medicine, Tulane University. With chap- 
ters by a panel of Contributoivs. Pp. 466; 
61 ills. Philadelphia: J. B. Lippincott, 
1946. Price, S8.00. 

Entitled “The Treatment of Asthma,” 
the book attempts a complete survey of all 
phases of the subject in an introduction and 
23 chapters. The introduction and 15 chap- 
ters are by 17 writers other than the 2 
authors listed on the title page, who have 
done only 8 chapters, themselves. This 
procedure was presumably prompted by the 
wish to get the views of experts in their 
several fields. The principle is apiilicable 
to textbooks of medicine, but would hardlj' 
.seem justified to tlie extent of 19 authors 
to discuss a single disease. The result in 
this instance is not a happ.v one. In general, 
there is considerable duplication and poor 
balance. There are some very good chap- 
ters such as the history (Major), statistics 
(Dublin and Marks), anatonu’- and phj'siol- 
ogj' of the respiratory tract (Burch), pollen 
survey (Durham), differential diagnosis 
(Sodeman). Others leave much to be de- 
sired, such as the de.«cription of the di.sease, 
which is quite inadequate; the role of foods 
in asthma, which merely cites all rejiorted 
instance.s of foods as allergens but give.s no 
figures on incidence or relative inqiortance, 
and is uncritic.al, .as in its inclu.sion of salt 
as an accejffcd allergen; the bacterial, epi- 
dermal and miscellaneous factors are skim{>- 
ily handled, as is the chapter on the oto- 


laryngologic aspects. Some of the material 
is irrelevant, as for instance the inclusion of 
malaria and amebiasis in the chapter on 
parasitic agents and asthma, and similarly, 
the chapter on cardiac asthma could largely 
be dispensed with. The chapter on psycho- 
genic factors is written with far less insight 
into matters allergic than most allergists 
have into psj’’chiatr 3 %- those who would chal- 
lenge this statement should see if the refer- 
ences at the end of the chapter are a fair 
sample of contemporary opinion. The book 
is not recommended. R. K. 


Acidosis. Clinical Aspects and Treatment 
With Isotonic Sodium Bicarbonate Solu- 
tion. By Esben Kirk, M.D., Chief 
Physician, Medical Service, Holstebro 
District Hospital, Holstebro, Denmark. 
Pp. 222; 21 ills. Copenhagen: Einar 
Munksgaard; London: Heinemann, 1946. 
Price not given. 

The author, at one time a member of 
Dr. Van Slj’^ke’s staff at the Rockefeller Ho.s- 
pital, has been active in encouraging in 
Denmark the quantitative stud 3 ’^ of clinical 
acidosis and its therapy with alkali. The 
Danish edition of the present work appeared 
in 1942. 

The occurrence of acidosis in some 30 or 
40 different clinical conditions is described. 
These conditions are illustrated with 54 
brief case reports which add much to the 
value of this study. J. A. 

Quantit.-vtive Clinical Chemi.stry. In- 
terpretations. VoL. I. By John P. 
Peters, M.D., lil.A., Professor of Internal 
Medicine, Yale University School of Medi- 
cine, and Donald D. Van Slyke, Ph.D., 
D.Sc., Member of the Rockefeller Insti- 
tute for Medical Research. 2nd ed. Pp. 
1041 ; 02 ills. Baltimore: Williams & Wil- 
kins, 1946. Price, .$7.00. 

This 2nd edition of a well-known book 
includes in this volume only half of the field 
of the original “Interpretations,” which is 
now to be expanded to 2 volumes. 

The authors have divided their activities; 
this pre.sent volume is mainly the work of 
Peters, as will be most of tlie 2nd volume 
of “Interpretations." 

As in the original edition, every statement 
is based on some siiecific piece of work for 
which the reference is given; yet the author 
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has skillfully woven these separate contribu- 
tions to our knowledge into a critically 
evaluated account v^hich gives the reader an 
integrated picture of the subject being pre- 
sented: a notable achievement. 

Of the approximate^ 4600 references, 
about three-fourths seem to the Reviewer to 
have been published since the date of the 
1st edition. It is obvious, therefore, that 
this volume is essentially a new writing upon 
current knowledge of the fields covered. 
These fields include energj’- metabolism, car- 
bohydrate, lipids and protein metabolism. 

Both for the student of the preclinical 
sciences of physiological chemistrj’^ and physi- 
ologj’^, and, of course, for the worker in the 
clinic, this volume will constitute an authori- 
tative text and an indispensable book of 
reference. J. A. 


Vocational and Professional Mono- 
graphs — Physiotherapy. Bj^ Thomas 
Francis Hennessey, M.D., Dean and 
Director, Massachusetts School of Ph 3 ’sib- 
therapy, Boston. Pp. 23. Boston; Bell- 
man Publ. Co. Price, S.75 
This is the 65th in a series of 75 pamph- 
lets which deal with various occupations. 
Their purpose is to aid individuals in the 
choice of a career. The author, whose bio- 
graphical sketch appears in the front of the 
pamphlet, is a physician who has evidently 
been weU trained in Ph 3 ’’sical Medicine and 
is competent to discuss the possibilities of 
Ph 3 'sical Therapy as a vocation. Through- 
out, the term Physiotherapy is used instead 
of the more acceptable designation. Physical 
Therapy. Non-professional indmduals who 
practice Ph 3 ^sical Therapy are referred to as 
Physical Therapy Technicians and the 
term Ph 3 "siotherapist is reserved for ph 3 'si- 
cians who specialize in this field. In accord- 
ance vdth the latest recommendations, the 
term “technician” should be dropped and 
replaced b 3 '- the title Ph 3 "sical Therapist, 
and physicians who specialize in Physical 
Medicine should be called Ph 3 ’^siatrists. 

After a brief account of the histor 3 ’^ of 
Physical Therapy and the effects of war 
upon its development, the present demand 
for Physical Therapists is stressed. In the 
discussion of schools for the training of ph 3 "si- 
cal therapists several misstatements occur. 
The American Medical Association within 
the last 3 3 ’ears has approved not more than 
32 physical therapy schools, and not 80 to 


100 as stated. The official statement of the 
Council of Medical Education and Hospitals 
of the American Medical Association of 
April 18, 1946, lists only 21 schools as offer- 
ing acceptable training. The school of which 
the author of the pamphlet is Dean and 
director is not numbered among them. It is 
stated that graduates from schools of Ph 3 ^si- 
cal Therapy, when they become 21 years of 
age automatically become members of “the 
national association of physiotherapy tech- 
nicians.” More correctly stated, graduates 
may be elected to the American Physical 
Therap 3 ’^ Association if their preliminary edu- 
cation and academic record meets the exact- 
ing requirements of that organization; to 
become a member of the American Registry 
of Physical Therapy Technicians necessitates 
a separate examination. 

The author refers to “Hemo-Irradiation” 
as “ the most outstanding technique of recent 
years,” whereas the procedure is of doubtful 
clinical value and the instrument required 
for this technique has never been approved 
by the Council of Physical Medicine of the 
American Medical Association. 

The pamphlet, which stresses the eco- 
nomic rather than the scientific advantages 
of Physical Therapy as a career, can hardl 3 ’' 
be regarded as an authoritative discussion 
of a field of therapeutics that is constantl 3 ’' 
growing in importance. G. P. 


Treatment by Ion Transfer. By D. 
Abramowitsch, M.D., Physician in 
Charge of the Physiotherap 3 ’- Department, 
Lincoln Hospital, New York City, and 
B. Neoussikine, M.D., Tel-A^iv, Pales- 
tine. Foreword b 3 ’^ Richard Kovacs, 
M.D. Pp. 186. New^ York; Grune & 
Stratton, 1946. Price, .84.50. 

Ion transfer (iontophoresis) is a branch 
of electrotherap3'^ with which most ph3''sicians 
are unfamiliar. Too often, electrotherapy 
is thought of as “heat therapy,” and the 
employment of the electric currents, other 
than for the production of heat, is either 
looked at askance or disregarded entirel3L 
It is true, that until recent years, there has 
not been much precise knowledge as to the 
physics and the clinical applications of the 
galvanic current; but this ignorance is 
slowdy being dispelled. 

This volume answers many questions 
arising in the ph 3 'sician’s mind, concerning 
ion transfer, and at the same time poses 
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others for solution. Perhaps the only satis- 
factory approach to these problems is 
through the collaboration of the physiologist, 
the bio-physicist and the clinician in Physi- 
cal Medicine. 

The book is recommended to the medical 
profession; especiallj’’ Part 1, which deals 
with the physical characteristics of the elec- 
tric current which is used for ion transfer. 
Part 2 deals with the treatment of individual 
diseases. Some of the techniques are given 
in considerable detail, Avhile others are pre- 
sented somewhat sketchily. The chapters 
devoted to facial palsj'- are of especial 
interest. 

For specialists in Physical Medicine and 
their technical assistants, this stimulating 
little volume ought to be on the handiest 
shelf of the library. A large and valuable 
Bibliogi’aphy is included. S. H. 


History of Medicine. By Douglas 

Guthrie, M.D., F.R.C.S., Edinburgh. 

Pp. 448; 72 ills. Philadelphia, London 

and Montreal: Lippincott, 1946, Price, 

S6.00. 

Guthrie’s book adds a practical and read- 
able text to the available short histories of 
medicine. In it the entire development of 
medical science is integrated in a single 
continuous story in which a good balance is 
jireserved in the accounts of ancient, medi- 
eval and later medicine. The treatment of 
subjects in the successive chapters is in con- 
siderable measure biographical, but with an 
excellent sense of proportion in the selection 
of significant advances as represented by the 
work of distinguished ph 3 ’’sicians. The de- 
tailed storj"^ stops with Sir William Osier, 
whose influence upon medical science is well 
treated in the final chapter. There is brief 
mention in a chapter on military and naval 
surgery of some of the achievements of 
medicine and surgerx' in the period “between 
the wars,” including sulfonamide and pen- 
icillin treatment and other developments of 
modern medical science. Medical students 
will find the chapters on “Specialism and 
Preventive Medicine” and “Journalism, 
Bibliographj' and Aledical Historj-” par- 
ticularh* useful for their assessment of the.se 
characteristic features of the modern period, 
which do not receive due attention in main* 
of the other medical historical tc.xts available. 
The illustrations arc excellent. The book is 
recommended as a useful compendimn for 


those who wish to see medicine in a broad 
outline, and are not in a position to pursue 
it in detail through the encyclopedic texts. 

E. L. 


Medical Clinics of North America. 
May 1946. New York Number. Rheu- 
matic Diseases. Pp. 243. Philadelphia: 
Saunders, 1946. Price, S16.00 a j^ar. 
Articles on rheumatic fever, rheumatoid, 
menopausal and pneuraococcic arthritis, gout 
and Reiter’s syndrome are presented Iw 
authorities in the field of rheumatic diseases. 
In particular, therapj”' of these varied disease 
states is emphasized. There are also sepa- 
rate papers on Roentgen irradiation, vita- 
mins, physical medicine and orthopedics in 
the management of rheumatic diseases. On 
the w'hole this section ought to be a valuable 
adjunct to the practitioner who treats pa- 
tients afflicted with rheumatic disorders. 

A paper entitled “Hj^pertension Due to 
Arteriosclerosis, and Its Complications” con- 
tains several misstatements which should 
not be permitted to go unchallenged. The 
development of hypertension as a conse- 
quence of an arteriosclerotic lesion in one of 
the centers regulating blood pressure is 
more or less hypothetical and not a state- 
ment of fact. It is indeed remarkable that 
an enema of 16 ounces of water is likelj' to 
cleanse the small bowel in preparation for 
the administration of digitalis Iw rectum. 
It is also stated that pulsus alternans can be 
detected by “ taking the diastolic blood jires- 
.sure and when the lowest point is reached if 
one pulse beat is heard and the next one 
falls out, pulsus alternans is present.” In 
the management of congestive failure the 
Karell diet is said to consist of 1000 to 1500 
cc. of milk every 2 hours. 

The Reviewer hopes that at least some of 
the.«c errors are due to carela^s proofreading. 

C. F. 


NEW BOOKS 

A Hhlory of Scimiific English. The Story of 
Its Evolution Based on a Stud\* of Bio- 
medical Tenninolog}’. By Ed.mund An- 
drews, M.D. Foreword bj* Anso B. 
Luckh.\rdt, :M.D. Pp.342;lSfig.<?. New 
York: Richard R. Smith, 1937. Price 
$7.50. 
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Uterotubal Insufflation. By I. C. Rubin, 
M.D., F.A.C.S., Clinical Professor of 
Gynecolog}^, Coll, of Physicians and Sur- 
geons, Columbia Univ. Pp. 453; 159 ills., 
4 in color. St. Louis: C. V. Mosby, 1947. 
Price, -SIO.OO. 

Genetics, Mediciiie, and Man. By H. J. 
Muller, of Indiana Univ., C. C. Little, 
of the Roscoe B. Jackson Mem. Lab., 
Laurence H. Snyder, of The Ohio State 
Univ. Pp. 158; 30 ills. Ithaca; Cornell 
Univ. Press, 1947. Price, .$2.25. 

Therapeutic Exercise. Bj"- F. H. Evtirhardt, 
M.D., Ass’t. Professor of Phj'sical Medi- 
cine, Washington Univ. School of Medi- 
cine, and Gertrude F. Riddle, B.S., 
R.K., R.P.T., Instructor, School of Physi- 
cal Medicine, St. Louis Univ. Pp. 152; 
8 figs. Phila.: Lea & Febiger, 1937. Price, 
82.50. 

Die Hormonalen Aspekte des Fortpflanzungs- 
prozesses. By Dr. Jules Samuels, Chir- 
urg-Frauenarzt. Pp. 152. Amsterdam, 
Holland: Holdert & Co., N.V., 1946. No 
price given. 

Die Hormonversorgung des Foetus. By Dr. 
Jules Samuels, Chirurg-Frauenarzt. Pp. 
320. Leiden, Holland; E. J. Brill, 1947. 
No price given. 

Tomorrow’s Food. By James Rorty and N. 
Philip Norman, M.D. Foreword bj' 
Stuart ChAse. Pp. 258. New York: 
Prentice-Hall, 1947. Price, .$3.50. 


Child Health. “The Practitioner” Hand- 
books. Edited bj' Alan AIonceieff, 
M.D., F.R.C.P., Nuffield Professor of 
Child Health, Univ. of London, and Wil- 
liam A. R. Thomson, M.D. Pp. 254. 
London: Eyre & Spottiswoode, Ltd., 
1947. Price, 14 s, net. 

Rehabilitation Through Better Nidrition.' By 
Tom D. Spies, M.D., Univ. of Cincinnati 
Studies in Nutrition at the Hillman Hosp., 
Birmingham, Ala. Pp. 94; 50 figs. 
Phila.: W. B. Saunders, 1947. Price, 
.$4.00. 

NEW EDITIONS 

A Text-Book of Pathology. By E. T. Bell, 
M.D., Professor of Pathologj^ Univ. of 
Minnesota. Contributors, B. J. Claw- 
son, M.D., and J. S. McCartney', M.D. 
6th ed., enlarged and thorough!}' reidsed. 
Pp. 910; 500 ills, and 4 color plates. Phila.: 
Lea & Febiger, 1947. Price, SIO.OO. 

Obstetrical Practice. B}' Alfred C. Beck, 
M.D., Professor of Obstetrics and G3me- 
cologj'. Long Island College of Medicine. 
4th ed. Pp. 966; 1058 ills. Baltimore: 
Williams & Wilkins. Price, 87.00. 

Nutritional and Vitamin Therapy in General 
Practice. B}' Edgar S. Gordon, M.D., 
Ph.D., Assoc. Professor of Medicine, 
Univ. of Wisconsin. 3rd ed. Pp. 410. 
Chicago: The Year Book Publishers, 1947. 
Price, 85.00. 
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